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FOREWORD

The guiding concept of this series has been to provide ™  quality bibliographic accessi-
bility to a highly specialized body of literature — the scientific *  ilts of research supported by the
U.S8. Air Force in university, industrial and other laboratories orldwide, Among the objectives
have been completeness, convenience and usefulness. Completeness has been sought by comprehen-
sive literature searches performed by the Library of Congress staff. Convenience has been pro-
vided by the kinds of indexes included, making it possible to find citations by reference to contract
numbers, for example, in addition to authors, subjects, and institutions. Usefulness has been
having a separate information channel for Air Force research, packaged for ready reference.

This bibliographic series has met these objectives. When it began, its only alternative
was not doing it at all, Since then t+e Defense Documentation Center system, in conjunction with
the Clearinghouse for Federal Scientific and Technical Information, has broadened its services,
has become largely automated, and is 1n a position to assume many of the fur. :tions of this series.
Thus il is now possible to say that while the series is desirable, its function is no longer exclusive,
Therefore, this volume, covering 1965, will be numerically the last in the series. Another volume,
covering 1963-1964, will appear later, While the services of DDC and CFSTI may not be as immedi-
ately accessible as these volumes, it is believed that most of the users of this series will be able to
meet their requirements using them. Limited literature searches are available from DDC, for
example, at no charge to qualified requestors. The public will find that the Clearinghouse offers
somewhat comparable services. Inquiries may be directed to DDC, Cameron Station, Alexandria,
Va. 22314, and to CFSTI, U.S. Dept. of Commerce, Springfield, Va. 22151. Descriptions of their
complete services are available on request.

T wish to extend to the Special Bibliographies Section of th¢ Science and Technology Divisien
ot the Library of Congress the thanks of AFOSR and of users of AFOSR~supported research for a
most competent undertaking. Harold Wooster deserves special credit for planning and guiding this
series through its various volumes.

Hilloan 3 G2, ,

William J. Price
Executive Director
Air Force Office of Scientific Research
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PREFACE

Penultimate Prolegomenon

It is with deep regret that I announce that 1965, the year reported in this volume, will be
the last year of this series. One more volume will be issued early in 1970 to cover the period 1963-
1964 and complete the set, but no later volumes are anticipated.

This series has set a siandard of bibliographic excellence. Excellence, unfortunately, cosis
money and takes time. Not all that much money, and perhaps nrot all that much time but enough to
make 1t impossible to cont.nue to support this effort,

The principal loss to the military, library and scientific communit. - will be the convenience
of having all AFOSR publications during a given period breought together in on -onveniently indexed
volume. The established abstracting and indexing services will continue to include open literature
publications by AFUSR- sponsored scientists and engineers. And all AFOSR publications should be
announced, now as in the past, in U. S, Government Research and Development Reports, published
semi-monthly by the Clearinghouse for Federal and Scientific Information at a subscription price
of $30.00 a year.

Scope

This is the eighth volume of a continuing bibliographic series, and includes within the limita-
tions of the law of dimnishing returns, abstracts of all technical reports, journal articles, books,
symposium proceedings, and monographs produced and published by sctentists supported in whole or
in part by the Air Force Office of Scientific Research during the calendar year 1965, Previous pub-
lications in this series have been:

Vol. T (1950-1956), issued in 1961
Vol. T (1957-1958), issued in 1964
Vol. T (1959), issued in 1965
Vol. TV (1960), issued in 1966
Vol. v (1961), issued in 1967
Vol. VI (1962), issued in 1968

The Air Force Office of Scientific Research supports fundamental research in the s1x major
scientific disciplines: phvsics, chemistry, engineering sciences (subsuming elecironics, mechanics,
and propulsion), li‘e sciences (both biological and behavioral, but not medical), mathematics, and the
information sciences, Thus the publications abstracted herein are multi-disciplinary, their common
link being task support by AFOSR.

Sources Searched

References, reports, and clues to the existence of reports were found by searching the indexes
and report collection of the Air Force Office of Scientific Research Technical Library, and the collec-
tion of the Defense Documentation Center. Detailed searches were made of each contract file in the
several AFOSR Directorates. In addition, cover-to-cover searches were made of over 300 scientific
journals issued mostly in the time period 1965-1968.

Form of Entry and Arrangement

Inherent in the orgamzation of this book is the concept of the reports within a contract as an
uranalyzed monographic series. Reports are posted chronologically and/or alphabetically under con-
tracts, these in turn under departments or laboratories, and these under contractors. This does, 1n

fact, provide « rough subject grouping with the detailed subject index Jeading into clusters of like
reports.

The abstracts are indentified by item numbers and are listed under the numbers in the indexes,
The form of entry is, in general, that being used for DDC catalog cards i.e., source of the document;
title, personal author, if any; date; pagination: repurt number; contract number; and accession number,
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The ciuef exception ic DDC furm of entry 1s that the primary entry ¢s by the parent organization
felloved by the rame of the specific lubaratory or 1mportant subdivision.,

Avatiability of Reporte

The principal accesston or control numbers, which indicate the locaiions of reports in
collections are

AD  ASTIA Documernt or Accossioned .. ament-
{available af DDC, Defense Documentation
Cenier), Cameron Station, Alexandria,
Virginia 22314

PB  Publication Board for sale by the
Clearinghonuse for Federal Scientific ai -
Technical Information (CFSTL), Sills
Building, 5285 Port Royal Road, Springfield,
Virgima 22151,

The fact that a report 1s abstracter in this book means that a copy of this report existed at
the time the abstract was written; it should not be construed to imply that either AFOSR or the Library
of Congress necessarily has a copy available for distribution, Those seek:ng reports should do so
from the cited agencics, not from AFOSR,

Indices

A detailed subject index, arranged alphabetically, has been provided, in addition, there are
a contract index, an AFOSR control number index, and 2 personal author index.

Acknowledgments

Many people shared in the production of this volume. The work has been fostered and nurtured
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Ivan Atkinson, Dr, Knox Millsaps and the present Executive Director, Dr, William Price, During the
period of compilation of this volume (not the period of the literature covered) much of the responsibility
for documentation within AFOSR was transferred to the Office of the Assistant Executive Director for
Research Operations, Lt. Colonel Harry Jaffers. He, his administrative assistant for documentation,
Miss Arlene D. Blose, and their intermittently faithful computer have been in large part respoasible
for providing the AFOSR 1nput to this volume.

Library of Congress, protocol dictates the form and order of acknowledgment of contributions
made by LC staff menibers to a bibliography. Formally, the credit lines read as follows'

"The bibliograpnic team worked under the guidance and leadership of Thomas C. Goodwin, Jr.,
Head of the Special BiLliographies Section, Science and Technology Division. The chief bibliographers 4
have been, Doris C. Yates, Joyce F, Lindsay, Norman G. Lamb, Joycelyn A, Gunn, and Lorratne
Trent. ¢ special note of gratitude is due to the invaluable work in preparation of this manuscript, search-
1ng, and preliminary cataloging done by Mag Marion 8. Carr, Mrs Fayllis M. Martin, and Mrs, Lille
M. Frye, Recognition is also due to thuse wh' have alded in absiracting, subject indexing, and typing,
egpecially Dr. Madeleine J. Wilkins, Jeanne D. ‘Weber, Beatrice T Treese, Virginia M Sims, and
May Faye Dunsmore. "
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AIR FORCE SCIENTYFIC RESEARCH

1
Aarhus U. (Denmark).

ORTHOGONAL POLYNOMIALS IN 2 OR n VARIABLES,

by T. Busk. Final rept, Jan. 1, 1960-May 31, 1965,

7p. incl, diagrs. (AFOSR-65-1568) (AF 61(052)322)
Unclassified

In order to provide a tool for handling numerical,
multivariate problems attempcs have been made to con-
struct a general interpolation formula in n variables for
an arbitrary set of arguments. This means that the
formulas should not be restricted to intersections of
parallel lines, but can be spread in an arbitrary way in
the plane or n-dimeuwsivnal space. In order for a for-
mula of this type to be considered satisfactory, it must
fulfill the following requirements: (1) The formula must
be symmetric in the arguments and (2) When the argu-
ments are placed in accordance with a simple pattern,
the formula ought to be simplified correspordingly,
preferably to some known, weil-established formula,

2
Advanced Kinetics, Inc. , Costa Mesa, Calif,

STUDIES ON THE INTERACTION OF LIGHT AND
PARTICLE BEAMS. Finil rept. Aug. 1, 1964 «.b. 28,
1965. Mar. 5, 1965 [23]p. incl. illus. diagrs. table,
refs. (AFOSR-65-0492) (AF 49(638)1359) AD 614790
Unclassified

Theoretical and experimental studies were conducted

on the interaction of coherent electromagnetic waves
with matter in high :nagnetic fields. Verdet coefficients
for 10 optical media at A = 6328A were determined
(Appl. Optics, v. 4: 253, 1965). The interaction of
coherent electromagnetic waves with macroscopic
particles was also studied.

3
Advanced Kinetics, Inc., Costa Mesa, Calif,

FARADAY ZFFECT AT OPTICAL FREQUENCIES IN
STRONG MAGNETIC FIELLS, by R. W. Waniek, N.
George, and 8. W. Lee. [1965] [7]p. tncl. illus, diagr,
table. (AFOSR-65-1140) (Bound with it5 AFO3R-65-
0492; AD 614790) (AF 49(630)1358) AD 619134
Unclassified

Also published in Appl. Opt., v. 4 253, Feb, 1965

Direct measurements of rotary power at 632RA are made
for several opticai materials subjected to transient
fields up to 400 k-versteds. The Verdet coefficients

for these materials are extended into the very high-field
region. The angle of rotation of the plane of polarization
vs magnetic field {s also plotted in a graph. These data
have an estimated accuracy of + 5%.

~1e

4

AeroChem Research Labs. , Inc., Princeton, N. J.

5

6

ENHANCED CHEMICAL ENERGY TRANSPORT EFFECTS
ON CONVECTIVE HEAT FLUXES IN THE HYDROGEN-
OXYGEN SYSTEM, by D. E. Rosner. [1865] [3]p. incl.
diagrs. refs. (AFOSR-65-2265) (AT 49(638)1138)

AD 629247 Unclassified

Also published in Combust. and Flame, v. 9: 198-201,
June 5935.

The effects of Lewis number greater than unity on con-
vective heat flux in the hydrogen-uxygen system has been
estimated. [t is seen that the maximum value of the

Lei > 1 heat transfer enhancement increases at reduced
pressures and always at near-stoichometric conditions.
In the pressure range of 10 to 100 atm, this enhance-
ment nereases with increasing wall temperature. These
estimates reveal the extent to which current prediction
techniques systematically under-estimate convective
energy transfer rates in chemically reacting rocket
motor systems due to thms cause alone (Le; > 1), In the
hydrogen-oxy%en system this effect is seen to be typically
larger than 5% at chamber conditions. Larger values
may be achieved in the vicinity of the rocke: nozzle
throat owing to the fact that pressure levels are lower
there, yet viscous dissipation produces large H atom
concentrations within the boundary layer,

B

N

AeroChem Research Labs., Inc,, Princeton, N. J,

THE OXIDATION OF PYROLYTIC GRAPH\TE AT
TEMPFERATURES OF 1400° — 1800°F AND AT AIR
VELOCITIES OF 25— 100 CM/SEC, by D. E. Rosner
and H, D. Allendorf. [1965] [2]p. incl. diagr. (AFOSR-
65-2489) (AF 49(638)2138 and AF 49(638)1195)

AD 628276 Unclassified

Also published in Jour. Electrochem. Soc., v. 112:
1683~ June 1965,

Several questions relating to the high-temperature oxida-
tion kinetics of pyrolytic graphite which were raised by
M. Levy and P. Wrag {Your, Electrochem Soc., v. 111:
1088-1091, 1985) are discussed from the point of view of
current investigations n the laboratory of Rosner and
Allendorf. Topics include: Departures frora Arrhenium
behavior; kinetics of the attack of graphite by atomic
oxygen: and diffusional effects for exothermic surface
reactions.

AeroChem Research Labs., Inc,, Prin eton, N, J.

TRANSPIRATION COOLING WITH CHEMICAL RE-
ACTIONS, by D. E. Rosner, [1865] [27)p. incl. diagrs.
tables, refs. (AFOSR.65-2266) (Sponsorvd jointly by
Atr Force Office of Scientific Research uncer AF 49(638)-
1138 and General Motors Corporation) AD 625367
Unclasified
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Algo published in Pyrodynamics, v. 2: 221-247, 1965.

Protecting a surface by actually passing the voolant
through it is known to be a highly efficient technique

and may provide the only feasible method of preventing
naterial fatlures in regions of extreme convective heat
flux, While transpiration cooling has not in the past
provided a practical solutior to some problems (e.g.,
turbine rotor blades) owing largely to structural con-
siderations, the approach holds promise for non-
rotating systems (e. g., stators, ramjet components) in
which the dominant heating mechanism is convective,

In the present paper, transpiration coolant requirements
are examined for gas,/solid systems in which the thermal
effects of chemical reactions must be taken into account,
For example, a coolant may undergo phase change and
chemical decomposition in passage through the wali it-
self, This would alter the effective heat absorption
capability of the coolant and the mean molecular weight
of the eflluent yas. Furiher chemical reaction may
occur when the coolant vapors (or decomposition prod-
ucts) mix with the hot gases in the external boundary
layer. 1n general, both processes will (1) influence the
amount of coolant required to maintain a prescribed
surface temperature, and therefore (2) significantiy
alter the relative merits of pussible coolants. As such,
thermochemical vffects are of great practical interest.
Simple computational technigues and numerical examples
are given here.u, together with a discussion of several
factors governing the rates of these chemical reactions.
(Contractor's ahsiract)

7
AeroChem Research Labs, . {ne,, Princeton, N. J,

CONTRIBUTIONS TO THE THEORY OF INTERFACTAL
RATZ PROCESSES IN FLOW SYSTEMS, by D, E.
Rosner. Final rept. Dec, 11, 1961-Dec. 10, 1865,
Dec. 27, 1965, Tp. iacl, re’s, {Revt, w TR-126)
(AFOSR-65-2943) (AF 49{£38)1138) AD 624132
Unclasstited

A synopsis is presented of 4 4-yr sy ggcearch pro-
gram on the theory of interacial rate provesses in flow
systems. A chronotogical list 18 provided of 15 re-
sulting publications relovart to0 (1) iterpretation of arc-
tunnel and combustion torch test results {(heat flux,
ablation ratea), (2} design of advanced re-entry heat
protection systema (radhation, transgration cooling),
(%) instrumentation for probing high-speed flows for
Iocal atom concentrations, (4: determination of heter 0w
geneous Kineric constants In flow reaciors, ind (5) ex-
teusions of heat-mass transfer theory  (Conractor's
abstract)

8

AeroChem Research Labs., Inc,, Princeton, N J
DISCUSSION OF R. M. DAVIES' PAPER: HEAT TRANS-
FER MEASUREMENTS ON ELECTRICALLY BOOSTED

FLAMES, by D. E. Rosner. [1965][2]p. (AF 49(638)-
1138) Unclassified

#

Published in Tenth S8ymposium (Internat’l.) on Combus-

Tion, Cambridge (Gt. Drit.) (Aug. 17-21, 1964),

Pittsburgh, Combustion Inst. , 1865, p. 764-" 65,

1t is possible to make a simple quantitative estimate of
the effect of hign H-atom mobility on th: prediction of
convective heat fluxes from electrically buosted {lame
gases. [t is shown that Le = 1 predictions systemaucally
underestimate the heat flux by a factor which can easily
amount to 20% or more.

AeroChem Research Labs. , Inc., Princeton, N, J.

10

THEORY OF INTEXFACIAL RATE PROCESSES (N FLOW

SYSTEMS (Abstract), by D. E. Rcsner. [1965] [2]p.”

(Bound with its AFOSR~65-2238) (AF 49(638)1138)
Unclassified

Chemical kinetic and energy transfer consequences of the
interplay between convection diffusion and heterogensous
chemical reactions are under investigation. Recent
quantitative studies of the effect of the interfacia! mass
velocity (the Stefan-Nusselt flow), normal to surfaces
undergoing heterogeneous reaction, on the apparent
kinetics of such reactions are described. A simple
algebraic model has been developed which enables all
pertinent non-dimensional reaction rate coefficients to
be obtained over the entire range from reaction rate
(chemical) control to diffusion control for one-step
irreversible heterogeneous reactions of arbitrary kinetic
order. .uustrative resuits are presented for the case

of turbulent boundary layers on flat surfaces undergoing
tirst order reaction, The Stefan- Nusselt flow results
appeared to (1) destroy the time-honored notion that dif-
fusional limitationg ultimately cause all surface reactions
to masquerade as first order reactions; (2) introduce a
connection between the profile drag on reacting surfaces
and the true kinetics of the reaction; and (3) leave un-
altered the form of a potentially useful relation hetween
the power required to maintain a reacting surface ata
prescribed temperature and the true kinetics of the
chencal reachon at that temperature, Applications of
the theory to specific heterogeneous reactions (e.g., oxi-
dation, chlorinahon, chemical vapor plating) are facili-
tated by the compilation of representative values of the
mass transfer parameter deﬁ‘ The errors commtted

oy neglecting the Stefan-Nusscelt flow are discussed for
the high temperature oxidaticn of graphite and molybede-
num ta a1r,  The resuits of the theory emphasize their
generality as well as the physicuchemical conditions under
which simple computational procedures are hikely to be
acceptable

AeroChem Research Labs , Inc., Prince'nn, N )

HIGH- TEMPERATURE KINETICS OF GRAPHITE OXIDA-
TION BY DISSCCIATED OXYGEN, by D E. Rosner and
H. D Allendorf. [1965]{2]p. incl. dagrs. refs
(AFOSR-65-2499) (AF 49(638)1195) AI 628282
Unclassified
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Also published in AIAA Jour., v, 3: 1522-1523, Aug.
1565,

A repoxt is given of preiitstnary researches on the

true kinetics of the high-temperature cxidation of graph-
tte by atomic and molecular oxygen. Impiications of

the results on ablation analyses are discussed,

1
AeroChem. Researcn Labs. » Inc., Prinzeton, N, J,

KINETIC AND AERODYNAMIC ASPECTS OF THE
OXIDATION OF MATERIALS BY PARTIALLY DISSOCI-
ATEL GASES, by D. E. Rosrer and if. D. Allendorf.
Final rept. Nov. 15, 1962—Nov. 14, 1965, Dec, 3,
1965, 20p. incl diagrs. refs. (Rept, no. TP-124)
(AFOSR-66-0146) (AF 49(£36)1195) AD 628515
Unclassified

A 8yrops:s is presented of the most sigmficant results
of a 3-yr research program carried out on the oxication
kinetics of refractory matenals in disscciated gaves.
Microwave-discharge fast flow system techmques,
coupled with electrical resistance heating and moniioring
of the reacting syecimens were used throughout. Ex-
perimental results are included for the attack of (1) poly-
crystatliae molybdenum, tungsten, graphite, iridium
and vitreous boron by 2tomic oxygen, (2) polycrystalline
molybdenum and nickel by atomic chlorine, and {3) poly-
crystalitne molybdenum by hydroxyl radica’s, Reactant
(0, Cl, and OH) partial Presaures were of the order of
0.001 to 0.05 and surface temperatures were within the
range 400 to 2604 °K, A chronological list 18 provided

“ f the 7 publica*ions and 11 reports describing these re-
tults and the underlying methods in greater detat),
(Contractor's abstract)

12
AeroChem Research Labs., Inc,, Princeton, N. J.

HIGH- TEMPERATURE OXIDATION OF CARBON BY
ATOMIC OXYGEN, by D. E. Rosner and H, D,

Alleadorf. [1965] [4]p. incl. diagrs. refs. (AFOSR-
$5-0350) (AF 49(638)1195) AP 632227 Unclassified

Also publlshecjﬁ_x_n Carbon, v, 3- 153-156, 1965,

The true kinetics of the attack of high temperature
#raphite by both atomic and diatomc oxygen have been
studied usiLg microwave discharge-fast flow system
techmques, In the surface temperature range 1100 °K—
2000 'K the oxidation probability for O-atom attack

{1) exczeds that for O3 by factors between 5 and as much
as 80, (2) passes through 2 maximum in this ‘emperature
range, as does the Oy attack erobability on same
surface, and (3) is independent of OXygen pa . 1al pres-
sure lcurrespondlng to a first order rexctiv,:, 1n con-
trast to the kinetic order of the Og/ carboa reaction.
Several mechanistic implications of these rcwults are
onefly discusseq. (Centractor's abstract)

13

14

AeroChem Research labs, , Inc,, Princeton, N. J.

KINETICS OF THE ATTACK OF MOLYBDENUM B+
DISSOCIATED CHLORINE, by D. E. Rosner and D, |,
Allendorf, {1965] [26]p. incL diagrs. refs. (Rept.
no. TP-117) (AFOBR-66-0357) (AF 49(633)1195)

AD 624543 Unclassified

Also published in Jour. Phys. Chem., v. 09: 4290-
4298, Dec. 1085,

The true kinetics of the attack of molybdenum surfaces
by both atomic and daomic chlorine have been studied
using microware discharge-fast flow system technigues
coupled with electrical resistance heating and monitoring
of the reacting specimers. Experimental results are
reported herein over the surface temperature range
from 400 to 1530°K, at reactant partial pressures of the
order of 10°3 t0 10°1 torr. 1n coatrast to the behavior
of nickel, dissociation markedly increases the chlorina-
tion probability of molybdenum over the entire tempera-
ture range irvestigated, the enhancement being of the
order of 100-fold at about 1000°K, The high reaction
probability for Cly(g) attack of high-temperature nickel,
Previously reported by McKinley and Shuler, has been
verifiad. Waen exposed to dissociated chlorine, the
ratio of the nickel chlorination rate to the Cl atom re-
combination rate decreases with decreasing surface
temperature—on 420°K nickel filaments the recombina-
fion coefficient ¥ has been found to be ., The imphca-
tions of these results with regard to dissociative ad-
sorption on and evaporation from nickel and molybdepum
surfaces are discussed in the light of avatlable kinetic
and thermochemical data for these and related hetero-
geneous reactions, (Contractor's abstract)

AeroChem Researc) Labs., Inc., Princeton, N. J.

KINETIC AND AERODYNAMIC ASPECTS OF THE
ATTACK OF REFRACTORY MATERIALS BY DISSOCI-
ATED GASES (Abstract), by D. E. Rosrer and H. D,
Allendorf, [1965] [2]p. (Bound with its A FOSR-65-
2238) (AF 45(638)1195) Unclassified

The true kinetics of the attack of refractory materials

by gaseous free radicals are being studied using micro~
wave discharge-fast flow System techniques. Experi-
mental results are reported for the attack of graphite by
O-atoms (AeroChem TP-110, Mar, 22, 1965, CARBON -
in press) and molybdenum by OH(g) and Cl(g) (AeroChem
TP-117, July 7, 1965, Jour, Phys. Chem. - in press).
In the surface temperature range 1100°~2000°K, the
oxidation probability for G-atom attack of g-aphite is as
follows: (1) exceeds that for Oy by factors between 5 and
as much as 80; (2) passes through & maximum in thig
tempercture range, as does the O3 attack probability on
the same surface; and (3) is independent of oxygen partal
pressure {corresponding to a first order reaction), in
contrast to the O/ carbon reaction, Several implications
of these results are briefly discusaed, with particular
emphasis on the design of heat Protection systems for
hifting re-entry vehicles, Experimental results are re-
ported ¢n the attack of molybdenum by OF- radicals

o~
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formed fram e reduction of NOg(g) by H-atoms.
Molybdenun: in also attacked by atomic chlorine at a
ate which greaily exceeds the corresponding reaction
rete with Cia(g;. Chlorimation probabilities are pre-
seared over the surface temperature range 400° to
1335°K. n ountrast to the behavior of nickel, dissoci-
ation markedly 1ncreases the chlorinmation probability

of molybdenum over the entire temperature range
investigated, the enhancement being of the order to
100-{old xt about 1000°K. The implications of these re-
sults with regard to dissociative adsorption and evapora-
tion are discussed in the light of available kinetic and
thermochemical da.a for these and related heterogene-
ous reactions,

15
Aerojet-General Corp., Sacramento, Calif,

SURFACE RATE PROCESS)LS AND SENSITIVITY OF
HIGH EXPLOSIVES, by R. F. Chaikenand F. J.
Cheselske, [1865] [32]p. incl. diagrs. tables, refs.
(AFOSR-65-1622) (Bound with its AFOSR-65-1801;
AD 458854) (Sponsored jointly by Air Force Office of
Sclentific Research under AF 49(638)851 and Office of
Naval Research) AD 623860 Unclassified

Also published in Jour. Chem. Phys., v. 43: 3228-
, Nov. 1, 1965,

The mature and rate of linear surface regression of
TNT, RDX, tetryl and PETN <.« studied utilizing a hot
plate pyrolysis techniqu- over surface temperature :
ranging as mgh as 500°C. The data, when compared
to similar data for benzoic acid, suggest that the
primary surface rate process appears to be an endo-
thermic melt-flow having an apparent activabon energy
suggestive of heat transfer and viscous flow as a rate
controlling step. These data, when used as 2 measure
of surface heat dissipation, correlate very well with
the measured values of impact sensitivity, Also, they
offer an explanation for the fact that attempts to corre-
late impact and/or friction sensitivity with melting point
aione could lead to misleading results when PETN and
RDX are considered, (Contractor’s abstract)

16
Aerojet-General Corp., Sacramento, Czlif.

ON THE EXTINCTION OF OPPOSED-JET DIFFUSION
FLAMES: A PHYSICAL CRITERION FOR EXTINCTION,
by R. F. Chaiken. [1965][20]p. incl. diagrs. tables.
(AFOSR-65-1625) (Bound with its AFOSR-65-1801;

AD 458854) (AF 49(638)851) AD 623859 Unclassified

A physical criterion for the extinction of opposed-jet
diffusion flames i8 presented. This criterion, “ien
used in conjunction with the Spalding theory of mixing

in opposed-gas jets, enables the apparent flame strength
to be related to /1) the effective maximum chemical
reaction rate in \he opposed- jet flame, and (2) the
laminar flame spred of an equivalent pre-mixed diffusiun
flame. The derived relationships differ somewhat from
similar relationships given by Spalding's earlier theo-~
retical treatment of the phenomena 1n the thin-flame

1Y)

approximatios, bua do yield quantitatively similar re-
sulis wher compared with experimental data reported
for opposed- jet diffusion flames involving oxidation of
simple hydrocarbons and ammonia. (Coantractor's
abstract)

Aerojet- General Corp., Sacramento, Calif.

18

INVESTIGATIONS OF THE MECHANISMS OF DE-
COMPOSITION, COMBUSTION, AND DETONATION OF
SOLIDS, by F. J. Cheselske. Fimal rept. Mar. 1964-
Feb, 1965. Mar. 15, 1965 [245]p. incl. illus. diagrs.
tables, refs. (Rept. no. 0372-01F) (AFOSR-65-1801)
(AF 49(538)851) AD 458854 Unclassified

This report sunmarizes the results of research on the
mechanisms of decomposition, detonation and combus-
tion of solids. Extensive kinetic studies are reported
on (1} linear surface regression rates of solid high ex-
plosives, (2) sublimation of ammonium hatides, (3)
thermal decomposition of anhydrous perchloric acid, and
(4) aprarent flame strength measurements on NH3 with
02, Cly, NO and N2O in the opposed-jet diffusizn flame
reactor. Preliminary phenomenological studies have
baen carriod out on the decomposition of pure or nearly
pure single crystals of ammonium perchlorate. Theo-
retical studies were made on reactions in opposed- jet
diffusion flames. New models were developed to ex-
plain extinction phenomena in solid rocket motors and a
low pressure deflagration limit. (Contracto1's abstract)

Aerojet-General Corp., Azusa, Calif,

19

A MODEL FOR LOW PRESSURE EXTINCTION OF
SOLID ROCKET MOTORS, by R. F. Chaiken, [1965]
[8]p. incl. atagr. tables, refs, (AFOSR-65-2166)
(Bound with its AFOSR-65-1801; AD 458854) (AF 49-

(638)851) AD 629026 Unclassified

Also published in AIAA Jour., v, 3: 1144-1146, June
1963,

A new model is offered as an explanation of the observa-
tion that aluminized ammonium perchlorate composite
propellants exhibit a low-pressure burning limit that is
generally higher than the low-pressure stable deflagra-
tion limit as determined in a strand burner. The model
resolves some of the difficulties which are apparent when
attempting io identify criteria for low frequency combus-
tion instability with low pressure extinction criteria. The
mode} also enables a treatment of extinction in terms ¢f
the kinetics cf the propellant flame reactions, yielding

a new form of equation for relating L* (ratio oi chamber
volume to nozzle throat area) and extinction precsure,
which is 1n sahsfaclory agreement with the available data.

Aero)et-General Corp., Sacramento, Calif.

IMPLICATIONS OF A STEADY-STATE SCLID
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PROPELLANT COMBUSTION MODEL TO A LOW
PRESSURE DEFLAGRATION LIMIT, by R. F. Chaiken.
[1965] 11p. incl. refs. (Bound with its APOSR-65-1301;
AD 438851) (AF 49(6365;851) Unclassified

Many experimental and theoretical studies on solid
propeliant combustion, have led to 2 concept of combus-
tion in which the solid ingredients gasify under the
thermal influence of a flame {0 form reactive species
which then undergo gas-phase redox reactions to propa-
gate that flame. The mass-flow and energy of each
reaction in the burning process is of necessity coupled
to each other by the conservation equztions. Several
mathematical models of varying complexity have been
developed to describe the steady-state coupling process,
but few theoretical studies have been made of extending
these models to low pressure deflagration limits. A
notable exception to this is the work of Johnsen and
Nachbar in describing the pressure deflagration limit
(PDL) of burning strands of ammontum perchlorate (AP)

monopropellant. These authors attempted to ascribe
the low PDL of AP strand burmng to radiation heat

losses from the burmng surface. A somewhat simpler
approach to the Ppy, problem can also be obtained from
the two-temperature postulate and thermai-layer treat-
ment of steady-state combustion. Tms treatment of
composite propellant burning yieids a generalized burn-
1ng rate expression in terms of parameters which can
be readily related to the chemical kinetic processes
occurring during combustion. [t is the purpose of this
note to show ‘hat this treatment also leads directly %o

2 minimum burning rate with implications towards a low
pressure deflagration limit,

Aerojet-General Corp., Azusa, Calif.

STUDY OF THE REACTION OF PENTABORANE WITH
HYDRAZINE AND SUBSTITUTED HYDRAZINES, by

H. V. Seklemian, R. W. Lawrence, and G. A. Cuter.
Final rept. Mar. 1, 1962-Feb. 28, 1985, Apr. 1985
[$1]p. inci. illus. diagrs. tables, refs. (Rept. no.
3015) (APOSR-65-1058) (AF 49(636)1122)
AD 619513 Unclassified
Pentaborane and hydrazine were allowed to react 1n an
inert solvent under dilute conditions. The process in-
cludes an initial fast reaction followed by a slow reaction
that evolves hydrogen and an insoluble solid product.

The hydrogen evolution waz found to be first-crder proc-
ess with a rate constant of 1.74 1 0.1 x 10-4 gec-1 at
25°C. The rate-determining step was found to be
dependent only on the hydrazine concentration. Traces
of hydrazine are beheved to catalyze the decomposition
of a postualted sciuble intermediate so that an ionic-type
mechamsm invouiving acid-base catalysis is proposed.
The reaction in the gas phase ylelds the same reaction
products; however, the reaction is considerabiy faster,
The same process and mechanism holds true for mono-
methylhydrazine or unsym-dimethylhydrazine in place

of normal hydrazine, The products of thegse reactions
with hydrazine and monomethylhydrazine are insoluble

in non-polar solvents. They thermally decompose,
evolving hydrogen, and they are believed to be polymeric
substances. Attempts to obtain a definitive structure

for the insoluble products by nuclear-magnetic-reson: ace
techniques aad high- resolution infrared analysis were
unsuccessful. (Contractor's abstract)

20
22
Aerojet-General Corp., Azusa, Calif.
Aerojet-General Nucleomes, San Ramon, Calif.
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KINETICS OF THE DECOMPOSITION OF ANHYDROUS
PERCHLORIC ACID, by D. J. Sibbett and I. Geller.
{1965] [32]p. 1ncl. diagrs. refs. (Bound with its AFOSR-
65-1801; AD 458854) (AF 49(638)586 and AF 49(638)851)
Unclassified

The kinetics of the decomposition of gaseous anhydrous
acid in the heterogeneous range bewveen 165 and 256°C
18 studied. The decomposition reaction appears to be a
surface catalyzed, consecutive step process, The
inital step appears to be HCIO, + HCIO, - Hy0 - C1504.
The decomposition of the latter species appears con-
sistent with the mechanism suggested by Figint,
Colloccia, and Schumacher for C150,. However, the
presence of water is believed to 1nhibit the surface
reaction by coripeting more strongly for the reactive
sites than can HCIO4. As the concentration of adsorbed
water increases the reaction HCIO4 + He0 -

HZO + HCIO, forms a relatively more stable species

than the anhydrous acid. The decomposition of the
monchydrate is believed to continue until all of the
species, HCiOy is exhausted. 1t appears possible that
a relatively minor part of the decomposition proceeds
by a gas phase reaction under the conditions of these
experiments,

>H«

RESEARCH ON VOLTAGE GRADIENTS FROM ELEC-
TRON-ACOUSTICAL WAVES, by C. B. Kretschmer,
Final technical rept. Mar. 1965, 29p. incl. illus. diagrs.
tables, refs. (Rept. no. AN-1398) (AFOSR-65-1044)
(AF 49(603)1347) AD 620223 Unclassified

Experimental work was conducted on an energetic
argon-fed hollow cathode arc. Microwave interferometer
measurements at 1. 20 x 1011 cpe gave a plasma density
of1.8 x 10l electrons/cm”, and s, ectroscopic line
intensity measurements yielded an electron temperature
of 1.1 ev. The vollage gradient along the arc was less
than 0.1 v/cm. Since a voltage gradient of 10 to 20

v/cm is required to produce current densities of the ob-
served magnitude 1n a plasma with an electron tempera-
ture of 1.1 ov by ordinary conduction, it is belteved that
the arc current is carried by electrons which are trapped
in electron plasma waves and accelerated to high velocity
by the waves. Attempts to detect radiation emitted by the
plasma at the electron plasma frequency gave inconclusive
results. The arc column was found to radiate as much as
73% of the tnput power in the vacuum UV region between
400A and 1000A, with 2 large fraction concentrated be-
tween 430A und 540A. Many lines of singly through
quadruply ionized argon were identified. Doubly ionized
argon appeared to be the most abundant species.
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Aerojet-General Nucleomes, San Ramor, Calif, Aeronautical Research Associates of Princeton, Inc,, N J

UNSTABLE OSCILLATIONS IN ENERGETIC ARCS

{Abstract), by C. B. Kretschmer [1965] [1]p. (Bound

with 1ts AFOSR-65-1266, AD 622527, (AF 47(638)1347)
Unclassified

Presenied at Eighth AFOSR Contractors' meeting on
Ton ard Plisma Prcpulsion Research, Los Angeles,
Calf., Apr. 29-30, 1965,

Experimental work was conducted on a. energetic
argon-fed hollow cathode arc, The arc was operated
at currents of 100 to 200 amp with a total voltage drop
of about 75 v, 1n a longitudinal magnetic field of 4400
gauss. The gas pressure in the region adjacent to the
arc was less than 1073 torr. The arc column had a
diameter of 1. 27 cm and a length of 60 cm,  Microwave
interferometer measurements at 1,20 x 101 cps gave
a plasma density of 1 8 x 10i4 electrons/cm3, and
spectroscopic line intensity measurements yielded an
electron temperature of 1.1 ev. Langmur probes 1n-
serted 1ntc the arc column assumed floating potenhals
0.5 to 2 v positive with respect to the anode. The dc
difference in floating potential between probes separated
by 22 cm indicated that the voltage gradient along the
arc was less than 0.1 vvem. The arc column was found
to raciate as much as 73% of the 1nput power 1n the
vacurm ultraviolet region between 400A and 1000A,
with « large fraction concentrated between 430A and
540A. Many hnes of singly through quadruply 1omzed
argon were 1dentified. Doubly 1onized argon appeared
to be the most abundant species.

24
Aeronautical Research Associates of Princeton, Inc , N. J.

[NEW M2THODS IN NONEQUILIBRIUM STATISTICAL
MECHANICS] by G. Sandri. Final techmeal rept,

Jan, 1-Dec. 31, 1964. Jan. 20, 1965 [5]p. (AFOSR-
65-0204) (AF 49(638)1224) Unclassified

The 2im of the research program 1s a complete theory
of gases based on the first principles cf nonequilibrium
statistical mechamcs. The main controllable properties
of the relevant gases and plasmas are their transport
coefficients, these coefficients are completely deter-
mined by the probability distribution for the velocity of
the particles that constitute the mechum, A new method
of analysis of the velocity distribution 1s being developed
which has proven successful tn major areas where

older approaches are inadequate  The limitations of
previous theories have confined their applicability to
unrealistic potentials and to unrealistic density and
temperature regimes. Through the new methods,
several of these imitations have been removed, The
complete Coulomb interaction as well as short- range
attraction can be treated systematically for the first
time. The major problem of nonequilibrium 3-body
contrbutions has received an umportant contribution by
the recent solution of the hard-sphere 3-body problem,
A hst of publications 1s appended.

GLOBAL MASTER EQUATION. T, by G Sandr.
[1965] [13]p. ncl. dagrs. (AFOSR-65-1741) (AF 49-
(638)1224) AD 625962 Unclasstfied

Also published in Nuovo Cimento, Sertes X, v. 36 309-
321, Mar. 16, 1965,

The structure of the global master equation is clarified

by means of a projection operator formalism which

allows one to exhbt the physical meamng of the quantities
that appear 1n the evolution of the momentum distribution
With the help of the new formulation, an explicit form 1s
miven to the H-theorem for the master equation and the
effect of phase mixing on the propagator 1s calculated to
first order. (Contractor's abstract)

Aeronautical Research Associates of Princeton, Inc., N. J

A NEW METHOD OF EXPANSION IN MATHEMATICAL

PHYSICS. 1, by G. Sandri. [1965] [27]p. incl diagrs

(AFOSR-65-1742) (AF 49(638)1224) AD 625693
Unclassified

Also published in Nuovo Cimento, Series X, v, 26 67-
gs,; Mar, 1,\ 1965.

The general method for umtormizing perturbation ex-
pansions introduced recently in The New Foundations of
Nonegwiltbrium Statistical Mechames, by G. Sandrn,
Rutgers Lectures 1961-1962 (method of >Xtension) 1s
further developed. The presentation g ven in this paper
1s self- contained and does not rely on explicit use of
composition of mappings. The compatibility conditions
that the .nethod gives rise to are discussed and so 1s the
basic tnduction theorem, A new very general umiformiz-
ing formula 1s derived. The Poincare Lighthill procedure
15 deduced from this formula 1n a simpler fashon than
in the previous paper. A general theory for the Fourier
transforms of extended functions 1s developed (Con-
tractor's abstract)

Aeronautical Research Assoctates of Princeton, Tne,, N ]

CLASSICAL HARD-SPHERE N-BODY PROBLEM
(Abstract), by P, Woodrow and G. Sandrt (1965} |1]p
[AF 49(638)1224] Unclassified

Presented at meeting of the Amer. Phys. Soc.,
Washington, D C., Apr. 26-29, 1965,

Piblished 10 Bull Amer. Phys, Soc., Seties i, v 10
530, Apr. 26, 1965

The analysis previously employed for the solution of the
3-body problem for hard spheres i1s extended to classify
the biniry collision chains for 4 and more bodies  The
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precise, necessary, and sufficient conditions for the
occurrence of a2 chain are gaven. The interlocking of
the 4 collision chains discovered 1n the 3-body proble:
15 discussed.

2

Aeronantical Research Associates of Priuceton, Inc., N. J.

HA RD~SPHERE THREE-BODY PROBLEM. 1 (Abstract),

by G. Sandri, R. Sullivan, and W Thurston, [1965]
[1jp. |AF 49(638)1224]} Unclasstfied

Presented at meeting of the Amer, Phys. Soc.,
New York, Nov. 4-7, 1964,

Published 1n Bull. Amer, Phys. Soc., Series I, v, 10~
236, Feb. 25, 1965,

In view of the importance of calculating 1n detail 3-body
phase-space integrals for nonequlibrium probleins, we
have developed the rngorous solution for the hard-sphere
model. Contrary to expectation (and to existing
"proofs"), 4 successive binary collisions are possible
among 3 1dentical spheres. We give now (1) the exact
form of the 4-collision domain and (2) a rigorous proof
of the impossibility of 5 collisions, 1n 3 or more
dimensions,

29
Aeronzutical Research Associates of Princeton, Inc., N, J.

HARD-SPHERE THREE-BODY . ROBLEM. T1I (Ab-

stract), by P. Norem, G. Sandn, and K. Sullivan,

11965 [1|p. [AF 49(638)1224] Unclassified
” Presented at meeting of the Amer, Phys. Soc. ,
New York, Nov. 4-7, 1964.

Published 1n Bull. Amer. Phys. Soc., SeriesIl, v. 10
336, Feb. 25, 1965,

Extenstve numencal calculations have been made

@viny a systematic scanmng of the 3-body phase space
for which 4 and 5 successive binary collisions are possi-
ble among 3 1dentical spheres of fimte radius, The
coplanar confipuration has been fully investigated,
yielding a confirmation for the 4- colhision domain and
showing that a 5 colliston 18 1mpossible.

30
Aerontutical Research Assoaiates of Princeton, Inc., N, J.

TWO-PARTICLE CORRELATIONS FOR GASES NOT

IN EQUILIBRIUM (Abstract), by P Woodrow, R.

Suthvan, and G. Sandr. [1965] 1]p. [AF 49(638)1224]
Unclassified

Presented at meeting of the Amer. Phys Soc ,
New York, Jan, 27-30, 1965,

Published 1n Bull. Amer, Phys Soc., Sertes 11, v 10
8, Jan 27,; 1965,

It has been calculated expiiitly, both in coordinate and
Fourter space, the correlation functions for gases not 1n
equilibrium under the assumption that the 3 particle
rorrelations are neghigible These results are apphied

to the suwiy oi wic ciedtrcal conductivity of a plasma
given by the complete kinetic equaton previously derived,

31

Aeronautical Research Assoclates of Princeton, Inc |, N, J
VARIATIONAL TECHNIQUE FOR THF ELECTRICAL
CONDUCTIVITY OF A PLASMA (Abstract), by F
Terkelsen and G. Sandr  |1965) [t]p [AF 49(638)1224)

Unclassified

Presented at meeting of the Amer Phys. Soc ,
New York, Nov. 4-7, 1964,

Published 1n Bull., Amer. Phys, Soc., SeresTl, v. 10,
232, Feb. 25, 1965,

The vanational principle for the electrical condnchivity
of a plasma, recently used by Bernstein and Robinson,
18 estabhished rigorously under very general conditions
and applied to the complete kinetic equation obtained
recently.,

Aeronavtical Research Associates of Princeton, Inc., N. J,

[INTERACTION PHENOMENA IN ROTATIONAL
STREAMS| by C D. Donaldson. Fynl rept. Oct. 29,
1935, 3p. incl, refs. (AFOSR-65-2008) (AF 49(638)-
1437) AD 627453 Unclassified

Methods were derived for solving equations of motion
for an inviscid, 1ncompressible flmd with rotation.
These solutions are valuable 1n understanding fluids
undergotng strong interactions, Both analytical and
numerical approaches were made. It is concluded that
a numerical approach 1s quite likely to be successful.

33
Aeronautical Research Associates of Princeton, Inc,, N, J.

ROTATIONAL SOLUTIONS OF THE EULER EQUATIONS,
by D. A Barnes and R. D. Sullivan. Sept. 1965 [30]p.
incl. diagrs. refs (ARAP rept. no. 79) (AFOSR-65-
2656) (AF 49(638)1437) AD 627972 Unclassified

Steady- state rotational solutions of the Euler equations
for an incompressible fluid are discussed, with emphas.s
on flows characterizing the impingement of a rotational
Jet upon a plane surface. These solutions are aimed at
understanding actual rotational flows undergoing strong
interachons, where, to a first approximation, viscous
stresses may be 1gaored aftes the creation of vorieity.
Of particular interest are 2 axially symmetric flows
which have finite velocity profiles at large distances

from the impingement plane, One of these has a parabolic
profile and represents a flow inside a cylindrical cup of
finite radius, the other has a Gaussian profile with

e bk et
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streamlines extending to infimty, Analytical expressions
and computed values for velocities, velocity gradients,
and pressures are given, and a comparison is made

with experimental data. (Contractor's abstract)

Aeronautical Research Associates of Princeton, Inc., N. J.

35

THREE-DIMENSIONAL ROTATIONAL SOLUTIONS
OF EULER'S EQUATIONS FOR AN INCOMPRESSIBLE
FLUID (Abs.-act), by D. A. Barnes. [1965] [1]p.
(AF 49(638)1437) Unclassified

Presented at meeting of the Amer. Phys. Soc.,
Washington, D. C., Apr. 26-29, 1965.

Published in Bull. Amer. Phys. Soc., Series I, v. 10:
, Apr. 26, 1965,

A class of axially symmetric solutions of the inviscid
hydrodynamic equations is discussed, with particular
emphasis on flows that resemble the impingement of a
rotational jet upon a flat plate. Depending upon the
axial velocity gradient, the stream lines can adopt a

1- or many-celled pattern, similar to the behavior of
viscous fluids between rotating cylinders. It 1s pessible
for these cells to exist in both the radial and axial
directions. In some cases, the cell structure is re-
placed by an undulating flow,

Aeronautical Research Associates of Princeton, Inc.; N. J.
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CONSTRUCTIVE APPROACH IN THE METHOD OF
EXTENSION, by G. Sandri and R. Sullivan. [1965] [2]p.
incl, refs. (AFOSR-65-1746) (AF 49(638)1461)

AD 625978 Unclassified

Also %ubhshed in Nuovo Cimento, Series X, v, 37:
- , June 16, 1965,

A constructive procedure is presented to determine

the fundamental variables required by a method of ex-
tension introduced earlier, The construction allows
for the introduction of arbitrary scaling functions which
are determined by the requirement that the expansion
of the unknown function be umformly valid. The theory
is tllustrated through the example of an exponential de-
cay for which:

>

3t = ¢f, f(0) = 1. The extension f(fo rl) of f(t) is intro-
duced where 7 and 7| are functions of t. These func-
tions are solved to yield ry(t) = ¢kt + 7{{0).

Aerospace Research Associates, Inc,, West Covina, Cahf.

RESEARCH ON ENERGY ABSORBING STRUCTURES.
PART I, by S. Uchiyama, D. H. Platus and others.
Final rept. Feb. 1964-Feb. 1965, 95p. incl. illus.

diagrs. table, refs. (AFOSR-65-0420) (AF 49(638)1144)
AD 615653

Unclassified

Air Force Office of Scieutific Research,

Three stuches related to expandable and energy-absorbing
structures for aerospace application are presented.

The first study is a very-large-deflection analysis of
corrugated thin-shell structures employing the principle
of minimum complementary energy in conjunction with

a variational technique. A second area of study is an
investigation of structural damping from hysteresis
effects in metals associated with large inelastic deforma-
tioas. Finally, a novel concept is introduced for a flexi-
ble metaliic seal, and a theoretical and experimental
study is described which demonstrates the feasibility

of the concept as applied to a fuel expulsion tank,

Aerospace Research Associates, Inc,, West Covina, Calf,

VERY-LARGE-DEFLECTION BEHAVIOR OF CORRU-

GATED STHIPS, by D. L. Platus and S. Uchiyama.

(1965] [4]p. ncl. diagrs, table. (AF 48(638)1144)
Unclassified

Published in ATAA Jour., v, 3.1549-1552, Aug. 1965.

A technique 1s descrbed for handling the very-large-
deflechon behavior of a corrugated strip in terms of

the solution to a curved cantilever beam with an end load.
A stepwise incremental solution 18 obtained for a mod:fied
Bernoulli- Euler equation, which permits both elastic and
plastic deformation of beams of arbitrary shape. The
technique involves incremental loads as well as incre-
mental elements of the structure. For each incremental
load aﬁphcahon, the corresponding deformation of the
curtved cantilever beam is determined by accumulating
ro.ations and deflections of short straight cantilever
beams which approximate the structure. Eachincre-
mental cantilever beam 1s subjected to a linearly varying
moment and in the plastic-range, lhinearly varying
flexural rigidity. Results of the method are conipared
with a closed-form elastic solution and witl, experimental
results. Few increments of load an length are required,
s0 that the methcd 18 suitable for use with a desk
calculator.

Directorate of
Information Sciences, Washington, D. C.

Mar,
(AFOSR-65-0271) AD 616883
Unclassified

INFORMATION SCIENCES 1964, by H. Wooster.
1965, 110p. incl. refs.

The Directorate of Information Sciences of the Air Force
Office of Scientific Research sponsore basic research in
the information sciences an research in the technoloyy
of ‘nformation handling. This book 18 a rerort on the re-
search sponsored by the Directorute durung 1964 The
areas covered are information Sy tems research, in-
formation extraction and classification, information
transmission, adaptive and self-orgamzing systems,
language and hingwistic research, theoretical foundations
of the information sciences, and related seminars and
symposia.
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Air Force Office of Scientific Research. Directorate of
Information Sciences, Washington, D. C.

S

AS LONG AS YOU'RE UP GET ME A GRANT: THE
PREPARATION OF UNSOLICITED RESEARCH PRO-
POSALS, by H. Wooster. Mar. 1, 1965, 18p,
(AFOSR-65-0392) AD 614894 Unclassified

Presented at meeting of the Society of Te.nmcal
Wniters and Publishers, Delaware Valley Chapter,
Drexel inst., Philadelpha, Pa., Feb, 23, 1965,

The preparation of unsulicited research propusals is

an art form pecuhar to the R & D or Gilded Age. There
are 4 stages in the search for research support; re-
connai18sance and target identification; contact; pro-
posal wnting and submission; and patient waiting.
Target identification is a sort of techmcal intelligence.
A list of source documents for determimng the research
interests of potential fund sources 15 given; the search
should not end until the lowest level in an agency who
can say "Yes'" and make 1t stick 18 identified. Rules
for bearding bureaucrats 1n their lairs during the con-
tact, and ascertaining the oestrus cycle of the agency
are followed, at long last, by suggestions for proposal
preparation—title, abstract, detailed description of

the work to be undertaken, and a cost cstimate. Three
of these are described as exercises in creative writing,
the appendix gives specific recommendations for the
preparation of cost estimates for grants and contracts.
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Air Force Office of Scientific Research. Directorate of
Information Sciences, Washington, D. C.

REPORT ON A CONFERENCE ON THE EDUCATION
OF SCIENCE INFORMATION PERSONNEL HELD JULY
27-28, 1964, IN CLEVELAND, OHIO, by R. Swanson,
{1965] [2]p (AFOSR-65-0859) AD 618426

Unclassified

Also published \n Amer, Doc., v, 16: 34-35, gan. 1965,

This conference, sponsored by the Center for Documenta-
tton and Communication Research of the School of
Labrary Science, Western Reserve U,, was intended as
a sequel to conferences on training held at the Georgia
Inst. of Tech. 1n Oct. 1961 and Apr. 1962, Recent
progress in the education of science information person-
nel was the main topic and included discussions of the
traimng of librarians, inter-university efforts and co-
operative efforts between universities and industry for
program enrichment and on-the jo traimng for students,
and the need for more sponsorship ¢f educaton programs
1n the information sciences The cniference served as

a forum for self appraisal as well as & medium for 1n-
formahon exchange,
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Air Force Office of Scientific Research. Directorate of
Information Sciences, Washington, D. C.

SOME OBSERVA7TIONS ON INSDOC SERVICES, by
H. Wooster. [1965) [10]p. incl. tables. (AFOSR-65-
1679) AD 623537 Unclassified

Also published in IASLIC Bull. . v. 10: 1-10, Mar. 1865,

The Indian National Scientific Documentation Center
(INSDOC) is reviewed as a prototype of a national docu-
mentation center, viewed against plans for similar ac~
tivities in the United States. Information was gathered
during the author's visit to INSDOC in Feb, 1964, A
description of INSDOC's use of Colon Classification in
preparing a classified hist of titles of overseas scientific
journal articles is followed by the suggestion that their
efforts might be better spent in distributing facsimile
tables of contents; that preparation of more detailed
abstract lists might better be delegated to the several
Indian Scientific Institutes; that INSDOC strengthen its
role as a national referral center and become a coordi~
nator among the technical information activities of the
various Institutes rather than try to do the job alone.
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Air Force Office of Scientific Research, Washington, D. C.

MANAGEMENT ASPECTS OF THE ATOSR MANAGE-
MENT CONTROL DATA SYSTEM "SOFTWARE", by

D. R Currier. Mar, 1, 1965 [41]p. incl. tables,
(AFOSR-65-0272) AD 612080 Unclassified

The development of the AFOSR Management Control
Data System input software iz discussad. The vital re-
lationship of this input software in the concept of the
total system is stressed. The mature of MCDS input,

the input/output data relationships, and the significance
of the data transition points are defined, Ten Command-
ments of input data handling necessary to provide
accurate, rehable, and timely output from the data store
are presented, The application of behaviorism and com-
munication theory to the handling of input software are
described and related to the design of forms, methods,
and procedures used by AFOSR to generate, record,
process, and control the flow of input data to the data
store of the MCDS.
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Air Force Office of Scientific Research, Wa  ngton, D. C,
DIRECTORATE OF CHEMICAL SCIENCES V1w GRAM
REVIEW, FISCAL YEAR 1965, EI EVENTH ANNUAL
CHEMISTRY PROGRAM REVIEVW, ed. by A. J. Matuszko
and M, D, Sprinkel. Nov. 1965, 2:9p. incl. illus,
diagrs. table, (AFOSR-65-1558) A™ 227666
Unclassifieu

The purpose of the review 1s to provide a unified record
of research in progress together with the achievements
resulting from the AFPOSR program of supported basic
regearch in chemustry  There are 3 main sections in
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the review. For each project which was completed
during fiscal year 1965, a concise factual summary
(including administrative data as well as research
accomplishments) is provided, Another section contains
geographic and other program stahstics, a hist of all
scientific reports received duning the year, and a list

of the active projects. A third section is devoted to re-
gearch high-lights, items of special interest described
in ierms understandable by the nonspecialist.

Air Force Office of Scientific Research, Washington, D. C.

45

MULTIVARIABLE SYSTEMS, by B. S. Morgan, Jr.
[1965] [9]p. incl. diagr. refs. (AFOSR-65-1978)
AD 626566 Unclassified

Also published in IEEE Internat'l. Conv, Rec., Pt, 6:
87-95, 1965,

The central theme of the paper is what to do with the
couphing or interaction as it exists in mvltivariable sys-
tems, 1Ina discussion of descriptions of multivariable
systems, emphasis s placed on the influence that the
design of multivanable systems has had on the theory
of dynamical systems. Discussed briefly 1s the future
influence of automata theory on multivariable systems.
Reported 1n detail are design techmques for nomnter-
acting systems and for improvement of performance by
use of interaction. Under applications a discussion of
design technques used in practical multivanable sys-
tems 15 presented. (Contractor's abstract)

Air Force Office of Scientific Research, Washington, D. C.
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VELA UNIFORM PROGRAM. RESEARCH IN SEIS-
MOLOGY. 1961-1965. Jan. 1965, 83p. incl, refs,
(AFOSR-65-2667) AD 623453 Unclassified

A program of basic research in seismology was carried
out to improve the capability to distinguish sevsmically
between nuclear explosions and natural geological
events. Research efforts were applied 1n areas of
tdentification techniques, data processing, array con-
figuration, deep-hole and ocean bottom detection, instru-
mentation techniques, magnitude-energy scale relation-
ships, noise studies, earth seismicity, explosion and
earthquake source mechamsm studies, crustal studies,
and theoretical studies.

Air Force Office of Scientific Research, Washington, D. C.

THE FUNDAMENTAL RESEARCH ACTIVITY IN A
TECHNOLOGY-DEPENDENT ORGANIZATION, bv H.
M. Vollmer, L. W. Bass and others, [1965) [109]p.
incl. rets. (AFOSR-65-2691) AD 628747
Unclassified

Presented at Tenth Inst. on Research Admimistration,

Washington, D, C., Apr. 26-29, 1965, under the
sponsorship of American U.

The fundamental research activities of an Rand D
organizahion are presented as important both for pro-
viding specific research results in areas of potential
payoff for the orgamzation and 1n providing a window
between science and technology, The need and potential
for the latter activity are inherent 1n the recogmton that
a very large portion of the scientific research on which

a given technology depends 1s always done by other organ-
izations. The discussion deals primarily with the oppor-
tumies and techmques for providing this window.

Air Force Office of Scienfific Research, Washington, D. C.

THE IMPORTANCE OF PROPERLY DESCRIBING THE
OBJECTIVES OF THE AFOSR PROGRAM, by W. J.
Price. Oct. 1965 [17]p. incl. dagrs. (AFOSR-66-
0191) AD 628527 Unclassified

Presented at meeting of the OAR Scientific Advisory
Group, Nov. 19, 1965,

The role of fundamental research in a mission-oriented
agency 18 discussed with particular reference to the ex-
ternal contract and grant program of the Air Force Office
of Scientific Research, A brief historical account of the
evoluton of this program points up the tendency to de-
scribe the contmbution of Air Force research in terms
of extreme positions — either 1n completely mission-
orientated terms 1n which all research supported shows
clearly its relationship and application to service needs,
or completely science-oriented terms which describe
the Air Force research roles as pnmanly a contribution
to the large pool of scientific knowledge from which the
Air Force and others draw, |he point 1s made that the
neglect of either position, and particularly of the ole
that lies between the extremes, is very unfortunate tnas-
much as it results 1n missing important justification for
the research program, and ymportant gmdance for the
management of the program. The AFOSR 1s described
as a Research Institute — consisting of managers, re-
searchers, and adnisors — seeking to help insure the
timely 1mpact of science on the Air Force In carrying
out this role 1t accomplishes research and also 1t pro-
vides communicaiion between the scientific commumty
and the Air Force. The research accomplished 1s de-
scribed as phenomena-oriented research which1s
motivated by either helping a development group obtain
the required understanding of phenomena key to tech-
nological barriers or by seeking to pioneer or colonize
new fields of science holding out high piomtse for scien-
tific discovery out of which innovations may arise which
will bypass current technology barrers.

Alahama U. Dept. of Physics, Umversity.

ESR OF X-TRRADIATED SILVER NITRATE, by W. C.
Mosley and W. G. Moulton, [1965] [8]p. incl. diagrs
tables, refs. (AFOSR-65-2591) (AF AFOSR-63-288)
AD 629663 Unclassified
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Also pubhished in Jour, Chem. Phys., v. 43.1207-
1214, Aug. 15, 1965,

Four paramagnetic species have been detected by ESR
1n single crystals of AgNO3 x trradiated at 77°K. The
principal values and corresponding principal axes of the
¢ tensors and hyperfine tensors have been determined.
An 8-line spectrum, 4 doublets, :s due to Ag**, A 24-
line spectrum, 4 sextets, has been assigned to a species
believed to be AgNOz'.‘ A spectrum of 4-triplets char-
acteristi~ of stationary NOp molecules was observed in
previously irradiated crystals and crystals doped with
AgNOjy. A spectrum consisang of 2 weak singlets 18
due to an umdentified species. This is the only species
stable at room temperature. Discussions of the orienta-
tions, configurations, mechamsms for production, and
annealing charactenistics of the several species are
mven. (Contractor's ahstract)

49
Alverta U. [Dept. of Mathemahes] Calgary (Canaca).

VECTOR LYAPUNOV FUNCTIONS AND CONDITIONAL

STABILITY, by V. Lakshmikantham, [1865] [10]p.

(AFOSR-66-1209) (AF AFOSR-64-670) AD 641881
Unclassified

Also published 1n Joar, Math, Anal, and Appl., v. 10:
366-377, Apr. 1965.

Suffictent conchrons for conditional stability and
boundedness of solutions to non-linear differential equa-
tions are obtained in terms of vector Lyapunov functions,
Ordinary differential equations, differential equations
with unbounded operators in Banach spaces, functional
differenhal equations, and parabolhic differential equa-~
twns are classes for which this theory 1s applicable,

50
Amencan Mathematical Soc., Provnidence, R 1.

APPLICATIONS OF NONLINEAR PARTIAL DIFFER-
ENTIAL EQUATIONS IN MATHEMATICAL PHYSICS;
PROCEEDINGS OF SYMPOSIA IN APPLIED MATHE-
MATICS, VOL XV, New York (Apr 20-23, 1964),
ed by R Finn. Providence, American Mathematical
Soc., 1965, 1v. incl. diagr. table, refs. (AFOSR-66-
0841) (Spunsored jointly by Aair Force Office of Scien-
ufic Research under AF AFOSR- 64-562 and Army Re-
search Office (Durham)) Unclassifted

Seventcen papers dealing with various apphications of
nonhinear du.ferential equations are presented  Topics
include. (1) general nenlinear theory, (2) fintte elasticity
and compressible fluids, (3) viscous fluids and magneto-
hydrodynamcs, and (4) general relativity and quantum
field theory.

51
Amertean Soc. of Mechanical Emnneers, New York

APPLIED MECHANICS REVILWS, ed by 8. Juhasz,

1 .-

M. Goland and others, Jan. 1965—Dec. 1965. {Spon-
sored Jointly by Air Force Office of Scienhfic Research
under [AF 49(638)1549), National Science Fourdaticn,
Office of Naval Research, Southwest Research Inst.,
and Texas U, ) Unclassified

A comprehensive, current, casily and readily usable
abstract and index service to published materials is an
invaluable tool to researchers. This effort is for pardal
support of one such service, in the field of mechanics
and related sciences. This service provides abstracts,
in English, to literature in 25 languages from 900 serial
pudbhcations, furnishes ''state-of-the-art" summaries,
and provides book reviews and some translations. To
improve subject retrieval experimentation 1s being con-
ducted in mechanized information processing and an-
nouncement tecnniques.
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American Soc. of Mechamcal Engineers, New York.

WADEX WORD AND AUTHOR INDEX, PARTI,
DESCRIPTION. PARTIl., PROGRAM DOCUMENTA-
TION, by E. A. Ripperger, H. Wooster and others.
June 1965 [193]p. incl. diagrs. tables, {Rept. no,
AMR. 38) (AFOSR-65-2001) [AF AFOSR-64-33]

AD 623162 Unclassified

The WADEX (Word Author inDEX) for Applied Mechanics
Reviews, v. 16, 1963 1s described. Titles are printed
fully, inclading the author's name., Each title begins at
the left side of the column and occupies as many lines

as necessary. A designator is either a word in the

titie (¢xcept forbidden words) or an autaor's name,
Designators are sequenced alphabetically and are given
out of context at the left of the title, If there is more
than one identical designator, titles are alphabetized
according to the alphabetical position of the first aathor,
If there are several identical designators with indentical
authors, they are sequenced according to review number,
The reference number indicates year, month, and re-
view number in Applied Mechanics Reviews proper. It
18 printed \n line with the designator on the right side of
the column. WADEX 18 arranged in 2 columns with
pagination at the bottom and a dictionary entry at the top
of the page. The page 1s reduced about 50% frum the
compuscript, Certain combinations of words are arti-
fically hyphenated to make listing of some papers more
meamngful and useful., Whenever a designator is re-
peated in a @iven column, subsequent printing of the
designator out of context 1s suppressed. However, the
first instance of a designator out of context in any column
18 always printed, This is designed to improve rezdabil-
tty The computer printout 1S 2 camera-~ ready copy with
6 5 average entry per paper including 1.5 for authors,
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Analytic Services, Inc, (Falls Chwrch] Va,
DECISION NETWORKS, by C. W. Foremanand F, P,
Mertes, Development planmng memo. Jan, 1965, 85p.

(Rept. no, DPM 65 1) (AF 49(638)1259) AD 457925
Unclassified
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The purpose of th's Memo {8 to disseminate some

early thoughts and conclusions on the applicability of
network techniques to th2 analysis of decisions that
must be made during the Air Force planning process.
Two related briefings make up this Memo, The first

of these is a short introductory briefing entitled

' Introduction—Decision Networks, * which states the
reasons AFRDP and ANSER are interested in developing
new techniques of analysis, The second, 'Decision Net-
works, ' describes the theoretical bhasis for the formula~
tion and use of decision networks and demonstrates,

by an example, their planning applications.

54
Analytic Services, Inc,, Falls Church, Va.

ANALTSIS OF AEROSPACE FUNDING AND EMPLOY-
MENT-FISCAL YEARS 1956 TO 1966, by R. D.
George and E, M. Phelan. Sept. 1965 [42]p. incl.
diagrs. tables, refs. (Rept. no. AR-65-5) (AF 49-
(638)1259) AD 478017 Unclassified

U. 8. Government aerospace funding for fiscal years
1956 to 1966 were analyzed to ditermine significant
trends and their eifects on employnent in the aerospace
industry. Analysis showed that aerospace expenditures
followed an uninterrupted upward trend for almost a
decade and then turned downward in fiscal 1964, Aero-
space expenditures are now beginning to increase Le-
cause of world conditions, This increase and the em-
phasis on R and D funding indicate the importance of
maintaining teams of qualified scientists and engineers
during periods of reduced funding. Assigning aerospace
scientists and engineers to area of opportunity programs
may be a way of keeping industry teams intact.

55
Analytic Services, Inc., Falls Church, Va,

METHODOLOGICAL APPROACH TO PLANNING AND
PROGRAMMING 2IR FORCE OPERATIONAL REQUIRE-
MENTS, RESEARCH, AND DEVELOPMENT (MAPORD),
by H. E. Emlet, Jr. Oct. 1965 [96]p. incl, diagrs.
tables, (Rept. no. AR-65-4) (AF 49(638)1259)

AD 479811 Unclassified

The methodological approach to planning and program-
ing Air Force operational requirements, research, and
development (MAPORD) is a technique for identifying,
according to the best available judgments, the elements
and relations which are the basis for decisions in
planning and programming Air Force operational re-
quirements, research, and development. The techmque
employs a series of interlocking matrices which pro-
vide high visibility of the pattern of elements and rela-
ttons; flexibility in modifying the pattern in response to
changing events, changing emphases, and experimenta-
tion on the effects of altering judgments; and as rigorous
a means as possiole of relating judgments to each other
and to a balanced program. The method is designed for
application to electronic computers to afford high- speed
updating, revision, interrogation, printout, and perform-
ance of all :outine identifications of relations in the
creation and maintenance of the MAPORD pattern. The

~12 ~

method at its present stage of development incorporates
a rigorous means for identifyii,g certain broad categories
of importance and is designed to accommodate techmques
for further sorting of relative importance if and when
such techniques can be defined.

Amalytic Services, Inc,, Falls Church, Va,

AN APPLICATION OF GAME THEORY TO AN OFFENSE-

DEFENSE RESOURCE ALLOCATION PROBLEM, by

J. D. Matheson. [1965] [36)p. ncl. illus. tables.

(Rept. no. AR-65-7) (AF 49(638)1259) AD 478569
Unclassified

This report presents a two- sided resource allocation
game in which one player allocates his resources be-
tween two offensive weapon systems to maximize target
destruction, The opponent allocates his resources be-
tween two defensive weapon systems to minimize target
destruction. The game 18 continuous 1n the sense that all
vanables are assumed to be continuous, and static in
the sense that time is not a variable. Explicit solutions
are obtained in terms of the parameters of the problem,
(Contractor's abstract)

Antioch Coll. Behavior Research Lab., Yellow Springs,

Ohio,

HUMAN AND ANIMAL VIGILANCE, by H. J. Jerison.
[1965] [3]p. incl. table, (AFOSR-66-1191) (AF AFOSR~
64-150) AD 641703 Unclassified

Presented at Fifteenth Internat'l, Cong. of Applied
Psychology, Ljubliana (Yugoslavia), Aug. 6, 1964,

Also published in Perceptual and Motor Skills, v, 21:

y .
Experiments with both men and monkeys, summarized
in this report, indicate that vigilance decrements are
associated with the ease or difficulty of observing. A
given set of signals may be detected often or rarely by
human observers, depending on how easy it is to watch
the background of stimulus events within which signals
can occur,

Antioch Coll. Behavior Research Lab,, Yellow Springs,

Oho,

THE ELICITED OBSERVING RATE AND DECISION
PROCESSES IN VIGILANCE, by H. J. Jerison, R M.
Pickett, and H. H. Stenson. [1965] [22]p. incl. diagrs.
tables, refs, (AFOSR-66-1170) (Sponsored jointly by
Aerospace Medical Research Laboratories; and Air
Force Office of Scientific Research under AF AFOSR- 65-
150) AD 638785 Unclassified

Also pubhighed in Humaa Factors, v, 7 107-128, 1965.
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Observers detected many more of a fixed number of
signals when these were among stimuli presented at

5 per min than when these were among stimuli pre-
sented at 30 to 60 per min. The effect, which is asso-
ciated with either the signal probability or the non-
signal stimulus density, is analyzed with conventional
measures and with measurss from the theory of signal
detectability (TSD). The TSD measures were used to
define several possible modes of observing, and the
model of vigilance based on decisions about observing
could then be related to decision processes in detection
performance as considered in TSD. If a single measure
of the probability of alert observing is required, the
best one is the percentage of detections of the readily
detectable signal of the vigilance task. However, the
TSD analysis suggested various different "mixes" of
modes uf cbserving for the sub-groups in this experi-
ment, and these mixes could be specified with the help
of heuristic models relating performance measures to
the probability of observing.

59
Arctic Inst. of North America, Montreal (Canada).

VARIATIONS IN SHORT-PERIOD RECORDS FROM
CANADIAN SEISMOGRAPH STATIONS, by M. Ichikawa
and P. W, Basham. [1965] [33]p. ncl. diagrs. tables,
refs. (AFOSR-66-0429) (AF AFOSR-62-453)

AD 625677 Unclassified

Also published in Canad. Jour, Earth Sci., v. 2: 510-
542, 1985,

» 1963,

A study of the relative recording ability of some of the
Canadian seismograph stations has indicated a pattern
of P-wave amplitude anomalies varying from station to
station and, at any one station, showing a significant
regional variation which does not seem to be entirely
produced by source mechamsm effects. Rather local
crustal effects appear important, and spectral studies
indicate that significant effects can be produced 1n low
velocity upper crustal layers, The initial investigation
of early P-wave trains and theoretical models suggests
that these crustal effects can best be examined by the
use of apparent incident angles, and that spectral ampli-
tude decrements change significantly from station to
station, although this is unexplained. It appears that the
different recording ability of stations can be explained
by a combination of shallow crustal effects operating on
the s1ignal amplitude and the loca} noise properties.
(Contractor's ab: ‘ract)

€0

Argentine National Commission on Space Research,
Buenos Aires.

INTERNATIONAL YEARS OF THE QUIET SUN (ANOS
INTERNACIONALES DEL SOL CALMO); PROCEEDINGS
OF THE REGIONAL SYMPOSIUM, VOL. 1, Buenos

Aires (Argenhina), Aug, 1964. 1965 [108]p, tncl, 1llus,
diagrs. tables, refs. (Rept. no. CNIE-PE-2, Special
publ, no. 2) (AFOSR-65-1730) (Sponsored jointly by
Air Force Office of Scientific Research under AF AFOSR-

>13 <

65-716, Army Research Office (Durham), Specisl
Committee for the 1. Q. 8. Y. and others) AD 625036
Unclassified

The Regloma! Sympostum of the {nternational Years of
the Quiet Sun was held at Buenos Aires and attended by
several Argentine and foreign scientists. This publica-
tion includes the following invited papers: Recent tech-
niques in geomagnetic measurements; variations of
solar origin in the earth's upper atmosphere; Geophysi-
cal effects of high altitude nuclear explosions; Accelera-
tion processes in the sun for high energy particles;
Fireballs, isobars and cxtensive air showers, and Prob-
lems of stratospheric circulation for study in the IQSY.,
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Argentine National Commission on Space Research,
Buenos Aires,

INTERNATIONAL YEARS OF THE QUIET SUN (ANOS
INTERNACIONALES DEL 801, CALMO); PROCEEDINGS
OF THE REGIONAL SYMPOSIUM, VOL, T, Buenos
Aires (Argentina), Aug. 1964, 1965 [58]p, incl. {llus,
diagrs, refs. (Rept. no. CNIE-PE-7; Special publ. no.
7) (AFOSR-66-0631) (Sponsored jointly by Air Force
Office of Scientific Research under AF AFOSR-65-7186,
Army Research Office (Durham), Special Committee for
the I.Q. 8. Y. and others) AD 630805 Unclassified

The following papers are included in this publication:
Observations of the atmospheric scintillation of radio
star and satellite signals. Applications of the optical
model for 2 Bev/C K- interactions; Directional and
energy dependence of cosmic ray variations; Cosmic
ray fluxes and rigidity calculations; Differential faradav
measurement of electron content with the S-66 satelli.e;
and Cosmic ray storms and the daily variation.

62
Arizona State U. [Dept. of Physics] Tempe,

EVIDENCE FORIONIC CONDUCTION IN CERIUM
OXIDE (Abstract), by E. L. Holverson and C. J, Kevane,
[1965] [1]p. [AF AFOSR-64-609] Unclassified

Presented at meeting of the Amer. Phys, Soc.,
Oklahoma U., Norman, Feb. 25-27, 1965,

Published in Bull. Amer, Phys. Soc., Serles M, v. 10;
, Feb. 25, 1965,

Electrical conduction in ceramic cerium oxide was
studied in the temperature range from 300° to 800°C
and over a range of oxygen partial pressures from 1 to
10-4 atm. The impurity concentrations in the material
studied were determined spectrographically and by
controlled addition of impurities. The study consisted
of applying a constant direct voltage across cerium
oxide samples doped with varying amounts of calcium
oxide, and observing the current transients as well as
the potential distribution as a function of the oxygen
pressure and the temperature. Ohm's law was found to
be applicable for the potential difference between the
potential probes, The potential distribution was found

X LN




AlR FORCE SCIENTIFIC RESEARCH

to be inconsistent with the concept of a decomposition
potential. Polarization effects were found to be promi-
nent: anomalous potential distributions, iarge polariza-
tion voltages, and decays in current immediately after
application of a voliage were found. [t was concluded
that the results were consistent with the space-charge
polarization theory of Jaffé. The possage cf direct
current through a calcium-doped cerium oxide sample
was accompanied not only by sample discoloration but
also by the evolution of oxygen, as was confirmed by
mass spectrographic analysis. This positive identifica-
tion of oxygen as the evolved gas confirms the previous
interpretation that conduction in calcium-doped cerum
oxide is partially ionic in nature,

63
Arizona U,, Tucson.

DOCUMENT ASSOCIATION AND CLASSIFICATION
BASED ON L-LANGUAGES, by J. Sanders. [1965]
[5]p. (AFOSR-65-1589) (AF AFOSR-62-289)

AD 623495 Unclassified

Also published in Juur, Assuc., Compul. Machinery,
v. 12: 249-253, Apr. 1965,

Measures of document connectedness and association
are defined whose nature arises from the intermal struc-
ture of the documents themselves rather than via the
judgment of an external observor, The intent is to de-
velop the theoretical structure 1n such a way that the
processing of documents into the various classifications
can be done entirely by machine, The theory is founded
on a set of formal languages, the L~-languages. A
formal presentation of the theory 18 made and examples
of 5 documents are given and discussed. The implica-
tions of the theory for aatomated document retrieval are
discussed in conjunction with various extensions of the
formal theory, (Contractor's abstract)

64
Arizona U,, Tucson.

A HYBRID ANALOG-DIGITAL PSEUDO RANDOM

NOISE GENERATOR, by R, L. T. Hampton, Jan,

1964, 45p. incl. diagrs. table, refs. (AFOSR-64-0393)
(Sponsored jointly by Air Force Office of Scientific Re-
search under AF ATOSR-63-89 and National Aeronautics
and Space Administration) AD 434556  Unclassified

Also published in 1964 Spring Joint Computer Conf. ;
AHP% Conf. Proc., Washington, D. C. (Apr. 1964),
Baltimore, Spartan Books, Inc., v. 25: 287-301, 1964,

Also publighed in Simulation, v, 4. 179-187, Mar, 1965,

The design of 2 hybnd analog-digital pseudo- random
noise generator intended to replace conventional random-
noise generators in analog and hybrnd computer simulat-
ing 13 described, It is capable of producing 4 essentially
uncorrelated binary outputs from a single 25-stage
shift-register. The length of the pseudo- random output
sequence 15 33, 554, 431 bits which is equivalent to
several thousand computer runs,

Arizona Y., Tucson.

A HYBRID ANALOG-DIGITAL PARAMETEROPTIMIZER
FORASTRACT, oy B. A. Mit*chell, Jr. Jan 16, 1964,
37p. incl. 1llus, diagrs, table, refe. (ACL memo. no.
90) (AFOSR-384-0397) (Sponsored )ointly by Air Force
Office of Scientific Research under AF AFOSR-63-89

and Natiorai Aeronautics and Space Admimstration)

AD 434559 Unciassified

Also published in 1964 Spriag Joint Computer Conf. ,
AFIPS Tonl. Prec., Washington, D, C. (Apr. 1964),
Baltimore, Spartau Books, nr,, v. 25, 271-285, 1964.

Also published in Simulation, v, 4. 399-411, June 1965.

A new automatic multi-parameter optimizer for iterative
differential analyzers employs sequential random pa-
rameter perturbation. The nomtnal parameter point
changes whenever the random perturbations improve

the system performance measure. Binary counters
operate sumple digital-to~analog converters to implement
parameter storage, multiplication, and step-size changes.
All-digital logic yields different types of random per-
turbations, viz, simple random walk, random walk with
reflecting or absorbing barriers, and various types of
correlation over successive perturbations.

Arizona U., Tucsomn,

HYBRID ANALOG-DIGITAL TECHNIQUES AND
RANDOM-PROCESS STUDIES 1964-1965, by G. A.

Korn, J, L. Melsa and others. [1965] 30p. incl, dagrs,
tables, refs. (EES series rept. no. 5) (AFOSR-85-2313)
[AF AFOSR-63-89] AD €31635 Unclassified

This report on hybrid computing systems contains the
following 4 articles: (1) Hybrid- computer techmques for
measuring statistics from quantized data, by G, A,

Korn (see item no. 71); (2) lterarive-chfferential-analyzer
study of prediction networks, by J. L. Melsa and 2. J.
Wozny, (3) A simple first-order-hold circuit, by G. A.
Korn, and (4) Digital program control for iterative differ-
en1al analyzers, by H. R, Eckes and G. A. Korn.

Anzona U,, Tucson.

EXPERIMENTS USING PSEUDO- RANDOM NOISE, by

R. L. |T.] Hampton. [1965]{9]p. incl, dizgrs. tables,
(Sponsored jointly by Air Force Office of Scientific Re-
search under AF AFOSR-63-89 and Naticnal Aeronautics
and Space Admimstration) Unclassified

Published in Simulation, v. 4: 246-254, Apr. 1965,

The results of experiments performed with pseudo-
random noigse sequences are described. It s shown that
Gaussian noise can be easily produced from such se-
querces, Tt is also demonstrated that the sequences
themselves have & binomal probainlity distribution The
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correlation techmque 1nvestigited, using pseudo- random
noise, makes possible a continuous recording of 2 sys-
tem's impulse response without the use of sophisticated
hardware. The impulse response obtained from the
cross-correlation experiment can be approached from
either the positive or negative direction, i.e., 7 can
be made not only a time delay, but alro a time advance,
This enables one tc observe the trailing end of a wave-
form before viewing its leading end. [t also permits a
quck expernmental verification of the correiation prop-
ertythat R_ (7) = R_ (-7). Examples for a first- and

second-order system are given. (Contractor’s abstract)

Arizona U,, Tucson,

ASTRACIT PLUG-IN DIODE FUNCTION GENERATOR,
by R. H. Whigham. [Feb. 1965] 1p, incl. diagr.

(ACL memo nc, 101) (AFOSR-65-0585) (Sponsored
jeintly by Air Force Office of Scientific Research under
AF AFOSR-64-89 and National Aeronautics and Space
Administratinn) AD 615439 Unclassified

The ASTRAC 11 plug-in diode function generator con-
sists of a plug-in module which covers the patching
area of 2 operational amplifiers on a standard analog-
computer patchbay. The circuit utilizes both of the
covered amplhfiers to provide both positive and negative
slopes. Six breakpoirts are fixedat +1, £+ 3, and

+ 5.5 v, Slopes and 2 d-c adjustment are set by means
of etght 10-turn wire-wound potentiometers, The input
diodes reduce the input loading, Shunt diodes and low
impedance levels improve the frequency response. The
maximum current requirement is 18 ma with all slopes
maximum, some positive and scme negative. The
error for a given frequency depends on the particular
function generated. In general, however, the error s
less than 0. 5% of half scale for input frequencies less
than 5 ke with slopes less than 2. The temperature
dnft s appro-dmately 2 mv/°C.

reduce thermal drift below 0.7 mv/°C, so that the
multiplier static accuracy of ¢ 0, 20% of half- scale is
maintained from 15 to 40°C. A numbeér of useful design
hints are listed. (Contractor’s abstract)

Arizonma U., Tucson.

HYBRID COMPUTER MONTE CARLO TECHNIQUES, by
G. A. Korn, [1965] [12]p. incl. tllus, diagrs. refs.
(Bound with its AFOSR- 65-2313; AD 631635) (Sponsored
jointly by Air Force Office of Scientific Research urder
AF AFOSR-64-89 and Nationa]l Aeromiutics and Space
Admimstration} Unclassified

Published in Simulation, v, 5: 224-245, Oct, 1965.

‘1his report introduces hybrid analog-digital computer
systems suitable for high- speed Monte- Carlo studies
and suggests meti;ods for further reducing the computing
time, such as sequential estimation and a number of
variance-reducing techniques, Shift-register-generated
pseudo- random-noise is especially convenient for many
hybrid analog-digital computations. Applications to

the solution of partial differential equations and to
random-Search optimization are outlined., (Contractor's
abstract)

Arizona U., Tucson,

HYBRID- COMPUTER TECHNIQUES FOR MEASURING
STATISTICS FROM QUANTIZED DATA, by G. A, Korn.
{1965] [10]p. incl, diagrs. table, refs. (Bound with its
AFOSR-65-2313; AD 631635) (Sponsored jointly by Air
Force Office of Scientific Research under (AF AFOSR-
64-89] and National Aeronautics and Space Administra-
tion) Unclassified

Published in Simulation, v, 4: 229-239, Apr, 1965,
69
Digital data processing necessarily involves quantization
(roundoff) cf input data. The statistical theory of ampli-
tude quantization indicates that the effects of quantization
on rtatistics are often negligible or can be approximately
predicted and corrected, even with surprisingly coarse
quantizaticn, This tutorial paper reviews contributions
‘o the theory made in England, the Netherlands, and
Russia, as well as B, Widrow's original work in this
country, Applications to remarkabiy inexpensive hybrid
analog-digital averaging computers and correlators are
also discussed. The theory can pay very handsome
practical dividends; in many appiications, 2- to 4-bit
analog-to-digital converters and data-transmission chan-
nels can yield averages, mean squares, and correlation
functions with 10- to 20-bit accuracy, and one-bit (polar- ¢
ity-coincidence) correlators are often practical, (Con-
tractor's abstract)

Anrzona U,, Tucson,

A FAST 10V DIODE QUARTER SQUARE MULTIPLIER,
by R. H. Whigham, [1965] [7]p. incl. illus, diagrs.
tables. (Spensored jointly by Air Force Office of Scien-
tific Researcn under AF AFGSR-~64-89 and National
Aeronautics and Space Administration) Unclassified

Published in Simulation, v. 5: 114-120, Aug, 1965,

This report descrbes the design and performance of a

fast wideband quartcr-square diode multiplier designed

to work the 1 10-v low-impedance computing circuits of

a high- speed iterative differential analyzer (ASTRAC

11), ur in other hybrid analog-digital computer systems.

To reduce cost, the new multiplier employs absolute-

value squaring circuits and does not require committed
computer amplifiers. Improved combination shunt- 72
series switching circuits and low resistance values
ensure wide bandwidth (z 0,5% of half-scale dynamic
error at 10 ke, < 1 degree phase shift below 70 kc).
Temperature- compensating diodes in the bias networks

Arizona U. Dept. of Physics, Tucson,
EFFECT OF PRESSURE ON THE DIFFUSION RATE IN
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METALS. by R. H. Diczerson, R F. Bomnno, and

C. T. Tomizuka. [1965] [7]p. incl, table, reis, (Spon-

sored jointly by Alr Force Office of Scientific Research

under AF 49(638)790 and Atomic Energy Commission)
Unclassified

Publiahed in Physics of Solids at High Pressures,
Broc. First Internat'l. Conf., Tucson, Arizoma

{Apr. 20-23, 1965), ed. by C. T. Tomizuka and R M.
Emrick. New York, Academic Press, 1665, p. 329~
335, (AFOBR-66-0131)

The molar activation volume AV in a diffusion process
is defined as (3 A G/%p)y, where A G is the molar Gibbs
free encrgy for the self- Affusion process, p i8 pressure
and T temperature, Using a gas pressure system up to
9 k bar at temperatures of about 1000°C, the effect cf
pressure on the self-diffusion rate in Au was determined,
and AY evaluated from the results. AV amounts to
about 70% of the molar volume; this estimate agrees
with that obtained by summing the volume of a mol of
vacancies at rest and the volume increase caused hy a
mol of vacancies moving to the activated state. The
effrct of pressure on the diffusion rates of In and Sb in
Ag, and the self-diffusion rate of Ag itself are also
determined. The difference between the 4 V'S corre-
sponding to self-diffusion and the diffusion of In and Sb
respectively are compared with those calculated from
the Lazarus-Le Claire and the Coriess-March theories;
the agreement with the latter theory is close.

73
Arizona U, Dept, of Physics, Tucson.

EFFECT OF HYDROSTATIC PRESSURE ON THE
CURIE POINTS OF SEVERAL FERMTES, by C. L.
Folles and C. T. Tomizuka. [1965] {5)p. incl. diagrs.
tables, refs. (AFOSR-65-1745) (AF AFOSR-63-105)
AD 641494 Unclassified

Also gublished in Jour. Appi. Phys., v. 36: 3839-3843,
ec, 1909,

The effect of hydrostatic pressure on the Curie tempera-
ture T, was measured for 4 members of a Ni- Zn ferrite
series {30%, 50%, 80%, and 100% MO) and for 2 mem-
bers of a gadolinium-iron-garnet series (GdgAlFe 0, o
and Gd; ;Yy 5Aly sFey cOp5). A transformer tech-
nique was used for the measurements with the maximu.n
pressure available being 8 kbar, The Curie tempera are
showed a linear increase with pressuie and the slop« :
ranged from 0.58 £0,05 to 1.16 + 0.07"C/kbar. T'
approximate Curle points varied from 153°C
(GdgAlFe 04 9) to 616°C (100% NiO ferrite). The sam-
ples with T, less than 400°C were measured in a liquid-
pressure system and the others were measu-ed in a
gas-pressure system. (Contractor's abstract)

4
Arizona U, Dept, of Physics, Tucson,

EFFECT OF HYDROSTATi{ PRESSURE ON THE
NEEL TEMPERATURE IN CHROMIUM, by T. Mitsui

>16 -

and C. T. Tomizuka. [1965) [2]p. inc). diagrs. refs.
(AF APOSR-83-105) Unclassified

Published in Phys. Rev., v. 137: A564-A565, Jan. 18,
1] T —

The electrical resistivity of high-purity chromtum
polycrystal was measured as a function cf temperature
in the range of hydrostatic pressure from atmospheric
pressure to 8 kbar. The Neel temperature, which
manifests itself as the resistivity miminum, was ob-
served to decrease lincarly with pressure at a rate of
5.1 1 0.2°K/kbar. The relative resistivity anoraaly 1n
the neighturhood of the Neel temperature was found to
be pressure-insensitive Attempts have been made to
wnterpret the resu’ts in terms of the spin-density-wave
theory. (Contractor's abstract}

Arizona U, Dept. of Physics, Tucson.

EFFECT OF HYDROSTATIC PRESSURE ON THE NEEL
TEMPERATURE AND ELECTRICAL RESISTIVITY
ANOMALY IN CHROMIUM METAL, by T. Mitsui.
{1965] [9]p. incl. diagrs, refs. (AF AFOSR-63-105)
Unclassified

Published in Physics of Solids at High Pressures, Proc.
First Internat'i. Conf., Tucson, Anzom (Apr. 20-23,
1965), ed. by C. T. Tomizuka and R. M. Emnick.

New York, Academic Press, 1965, p. 213-221,
(AFOSR-66-0131)

The electrical resistivity of high-purity polycrystalline
chromium was measured as a function of temperature

in the range of hydrostatic pressures from atmospheric
pressure to 8 kbar, The Neel temperature, which
manmfests 1tself as a resistinnty minimum, was observed
to decrease linear}y with pressure at a rate of -5.1 ¢
0.2°C/kbar. This value 's in agreement with the one
estimated by the thermodynamical relation of the

second order phase transition, The electrical resishvity
anomaly, which is associated with magnetic energy gaps
introduced by the periodicity of antiferromagnetic spin
arrangement, was found to be pressure insensitive.
(Contractor's abstract)

Arizona U. [Dept. of Physics) Tucson,

PHYSICS OF SOLIDS AT HIGH PRESSURES, PROCEED-
INGS OF THE FIRST INTERNATIONAL CONFERENCE,
Tucson, Arizona, Apr. 20-23, 1965, ed. by C. T,
Tomizuka and R, M, Emrick, New York, Academic
Press, 19685, 595p. incl, illus, diagrs, tables, refs,
(AFOSR-66-0131) (AF AFOSR-65-740) Unclassified

The purpose of this conference was to bring together
workers in the field of solid state physics, employing
high pressure techniques, and offer them an opportumty
for free exchange of information. The development of
excellent high-pressure facilities in many countries
required that the conference be international, Nine
countries were represented. A total of 44 papers and
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discussions are presented, grouped under the following
puneral headings (1) electrumc prupertes, {2) mag-
netism, (3) lattice defects, (4) phase (ransformanons,
ang (5) lattice properties.

71
Arkanszas U. Dept. of Physics, Fayettewille,

RADIATIVE LIFETIMES AND EXCITATION
MECHANISMS IN AELIUM, by W. R Pendleton, Jr
and R H. Hughes. [1965] [S)p. incl. diagrs. t2)le,
refs. (AFOSR-65-2776) iAF AFOSR-62-159)

AD 629340 Unclassified

Aiso published 1n Phys. Rev., v. 138 A683-A687,
May 3, 1965,

The radiative decay rates of the n'S(n - 4,5, 3lp.
n'D(n  3,4,5), n%S(n - 4,5), BOP(n 2.4 5) and

nsb(n = 3,4) states of helium have been measured ssing
pulsed, vanable-energy electron-impact excitation and
2 sampling methad of detection, The results agree well
with previously published measurements. Experimental
evidence is preserted for the mechantsms 1nvolved tn the
culhisomai-transfer reachons where atoms 1n 1P sates
exaite 3D levels: nF levels (n 5) are populated by
collisiomal transfer from nlP jevels and in turn cascade
to the 3D levels. Possible laser action 1n the 31P - 315
and 5F - 33D transitions 15 suggested.

78

Arkansas U. Dep!. of Physics, Fayettewille.
SIMPLE NANOSECOND LIGHT PULSER, by W. R
Pendleton, Jr. [1965](1]p. incl. diagrs (AFOSR-66-
1568) [AF AFOSR-62-159] AD 640181 Unclassified

Also published 1n Rev Scient. Instr.. v. 36 1645,
Nov. 1965,

A voltage indicator tube, Amperex 6977, has been used
as a nancsecond hzht pulser using a minature hydrogen
thryratrcn pulser. An analysis of the emission of the
fast component of the two-component P-15 phosphor
showed a decay to 10 o of original hght peak 1ntensity tn
not more than 50 nanoseconds. Best light pulse shapes
showed 3.5 ns rise to 907 of peak intensity and 7 ns width
at the one-half intens'ty points.

79
Astrosystems International, Inc.., Fairfield, N. J.

AFOSR SIXTH ANNUAL CONTRACTORS' MEETING ON
CHEMICAL KINETICS OF PROPULSION, New York,
Sept, 20-21, 1965 [45]p. wncl. refs, (AFOSR-63-2238)
|AF 49(638)1400] AD 627978 Unclassified

Abstracts are presented which briefly descrmbe the
current status of 1¢search efforts contractually supported
by AFOSR and other research programs in the field of
chemical Kinetics of propulsion.

Astrosystems Intermational, Inc., Fairfield, N. J.

COMBUSTION GAS EMITTED RADIATION AND
CHEMILUMINESCENCE PHENOMENA (Abstract), by
J. 8. Gorden. [1965]|1]p., {Bound witk1ts AFOSR-65-
2238. AD 627978) {AF 45(638)1400) Unclassified

Spectral radtance- mexgur ement discrete ernssion bands
1n combustion gases are being used to study and char-
acterze chemilumnescence. A chemical kinetics in-
terpretation of results 1s desired. A low pressure pre-
m1x gas burner 1s being assembled for use with ssmple
fuel oxidizer combimations (CHg Oj). Later experi~
ments will use CHg NO, C2H2 NzO and other systems
(centaymng halogen, boron, etc,). This apparatus re-
piaces the previous unsuaccessful configuration ir which
the torch plume 1mpinged ¢n 2 nozzle section so as to
exhaust selecled portions of the flame gas (fast reaction
zene} into a sacuum chamber Previous observation of
strong chem:luminescerce with O, 15obutylene using
this ~onfizuration could not be reproduced. The combus-
tion ¢as will be optically scanned over the wavelength
remon of interest {2000 to 6070A) using a McPherson
Model 235 yrating mono-hromator and photomultiphier
recorder system as functicns of location within the
flame, The objectives are to determine raciahve Iife-
times of selected species (CH, NO, OH, HCO, Cy

etc.) based on monochroruator scan resuits, and de-
partures irom thermal equiparntons betwenn rovibronic
energy levels of selected species (interdepartures from
the thermochemical equilibriun: as defined by thermo-
dynamic cajculations ag funchion of fuel 'oxidizer storchi-
ometry and location within the premix flame brush)

Atlantic Research Corp. ;, Alexandna, Va,

THE KINETICS OF THE HYDROGEN-FLUORINE
REACTION. I, THF OXYGEN-INHIBITED REACTION,
by J. B. Levyand B. K. W, Copeland. [1960][9]p.
incl, cagrs, tables, refs. {AFOSR-65-0697} (AF 49-
(638)1131) AD 615181 Unclassified

Also published tn Jour. Phys. Chem., v. 69 408-416,
Feb. 1965,

The kinetics of the thermal, gaseous hydrogen-fluorine
reaction have been investigiated by a colorimetric tech-
nique. The reacaon bas been found to be inmibited by
oxygen and the tnhibited reaction was studied mainly at
132, but also from 122 to 162 The experiments have
veen performed at a total pressure of about 645 mm, with
oxygen varylng from about 85 to 500 mm. Nitrogen and
heliur have been used to maintain the total pressure at
the desired value. Hydrogen and flaorine pressures
have been in the geperal rarge of  20-80 mm [t hau
been fornd that the rate decreases with added oxygen hut
reaches a limihing value unaffected by further oxygen
addition, The himuiting rate obevs the expression
-d(F(‘z) dt k(Fg)(Hz)' fairly well, but the curves of the
integrated forms are linear only for about the first 50 »
of reaction, dropping off thereafter The Arrheniu nlot
for the rates from 132 to 162 C1s hnear, vieldine
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acivation energy of 16, 7 kcal/mol.  The results are
discussed in terms of a chain reaction involving the
propagation steps, H+ Fy ~HF + F, F + 03 + M - FOO +
M, and FOQ + Hp - HF + O3 + H. Ewvidence is presentec
for an activation energy of 5-7 kcal/mol for the reaction
F + Hy - HF + H and for a heat of formation for the FOO
species of +3.5 kcal/mol. (Contractor's abstract)

82
Atlantic Research Corp., Alexandrma, Va.

THE KINETICS OF THE TETRAFLUOROHYDRAZIN
FLUOHRINE REACTION, by J. B. Levyand 5. K. W,
Copeland, [1965] [S]p. incl, dagrs. tables, refs,
(AF 49(638)1131) Unclassified

Published in Jour. Pays. Chem., v. 68, 3700-3704,
Nov. 1965,

The reaction between fluorine and tetrafluorohydrazine
has been investigated from 35 to 86°. Nitrogen tni-
fluortde has been shown to be the only oroduct. The
kinetics have been measured by a colorimetsic technique
and have been shown tc be homogeneous. It hi s been
found that the kinetic data obey the expression
-&(Fy)/dt = k(Fq)(NgFg) and k = 1.0 x 1011.040. 2
exp(- 200,400 + 400/RT) M™% soc'l., It 1s propesed

1
that k = K?ky where K18 the eqmlibrium constant for
the dissomation of tetrafluorohydrazine and kg 1s the
rate constant for tne reachon NFg + Fg -~ NF3 + F.
(Contractor's abstract)

&3

Atlantic Research Corp. Kineties and Combustion [Group]
Alexandna, Va.

A NOVEL CHEMICAL SYSTEM FOR GENERATION GF

ELECTRON RICH GASES, by R. Friedman and A.

Macex. [1965][26]p. inci, diagrs, tables, refs,

(Also bound with 1ts AFOSR-64-1291) (AF 49(638)651)
Unclassified

Published 1n Tenth Symposium (Internat'l.) on Combus-
tion, Cambridge (Gt, Brit.) (Aug. 17-21, 1964),
Pattsburgh, Compustion Inst. . 1965, p 731-741,

A umgque, self-oxicized combustion system, consisting
mmtially of a solid mixture, 1s described which burns

to yield an all-yas plasma contaimug over 1045 (meas-
ured) or 1016 (calculated) electrons cm3 at atmospheric
pressure. The ingredients are tetracyanoethylene,
hexanitroethane, and cesium azide, formulated to be
stoichmometric to CO, Ny, and Cs, The mixture1s
compactew to 1. 6 gm’cmd by pressing at 20,000 pst.
The strand burning 1ate at 1 atm 18 1.3 mr1/sec and the
pressure exponent 1s about 0. 6. The flame temperature,
calculated as 3660 K, was measured as 3520 K by the
spectral-hne-intensity method and 3000 -3100 K by the
hne-reversal method, In view of the rachal nonum-
formuty of the plasma, the former value 15 considered
more ltkely to be correct  Eloctron densities were
deternnned both from measurement . of individual spec-
tral-line shaper (Sterk-broademng) 2nd by the Inphs-

Teller series hmit method. The two methods agreed
with one another, Strands of 1,27-cm cam gave 3 or

4 times hgher electron concentrations than strands of
0.79-cm wam; however, electron coacentrations, while
extremely high, were st'il below calculated values, even
after the lowering of flame temperature below theoretical
(because of heat loss) was considered. [t1s suggested
that adequate time was available for cesium 1onization,
under the experimental conditions, but time was not
adequate for complete oxidation of CN and CN™ to CO

and Ny, so electrons were largely attacked as CN”
rather than free. Hence, longer residence times allowing
a closer approach toward equhibrium should give even
higher yields.

Atlantic Research Corp. Kinetics and Combustion Group,,

Alexandna, Va,

RESEARCH ON THE DEFLAGRATION OF HIGH-
ENERGY SOLID OXIDIZERS, by J. B. Levy, R
Friedman and others. Quarterly techrical summary
rept, no. 10, Sept, 1-Nov, 30, 1964. Jap, 19, 1965,
13p. wncl, illus, diagrs. tables. (AFOSR-65-1278)
(AF 49(638)1169) AD 463371 Unclassified

Further measurements of the rate of deflagration of
pressed strands of hydrazine diperchlorate at elevated
pressures have been made. The data are erratic. The
effect of copper chromite catalyst on the deflagration

of hydrazine diperchlorate at atmospheric prescure has
been examined at a mgher catalyst content. Flame
temperatures have been calculated for 1, 10, and 100
atm pressure and are fairly constant at 1600°K, Attempts
at measurement of the flame temperature by means of
fine Pt-Pt, 10% Rh thermocouples have been unsuccess-
ful—apparently because of catalysis by the metals of
condensed phase reactions. Exploratory experiments
have been performed with ammomum perchlorate,
hydrazine perchlorate and hydrazine diperchlorate on
the deflagration of spheres of these oxidizers at atmos-
pheric pressure in fuel gas streams  (Contractor's
abstract)

Atlantic Rescarch Corp. Kinetics and Combustion Group,

Alexandra, Va,

RESEARCH ON THE DEFLAGRATION OF HIGH- ENERGY
SOLID OXIDIZERS by J, B. Levy, G, von Elbe and
others, Quarterly techmcal summary rept. no. 11,

Dec. 1, 1946-Feb, 28, 1965. May 19, 1965 [18]p ncl
diagrs. tables, (AFOSR-65-1280) (AF 49(638)1169)

AD 617272 Unclassified

Further experiments are perfcrmed in which the flame
temperature above deflagrating hydrazine diperchlorate
has been measured with fine the rmucouples  Results
are obtained with ceramic-coated Pt-Pt, 10% Rh thermo-
couples and with uncoated chromel-alumel thermocouples
A flame temperature of about 1350 K is indicated for an
ambrent pressure Hf about 20 atm. This 1s substanhally
below the theoretical flame temperature of about 1600 X
The thermal decomposihon of hydrazine diperchlorate
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has been investigated from 211-291°C, Ammomum
perchlorate has been found in the surface of a strand of
hydrazine diperchlorate which had been igmted at an
elevated pressure, allowed to deflagrate partially and
exungwmshed by sudden pressure release. Deflagration
rate measurements from 6-130 atm are reported for
pressed hydrazine diperchlorate. (Contractor's abstract,
modified)

Atlantic Research Corp, Kinetics and Combustion Group,

Alexandma, Va.

RESEARC!i ON THE DEFLAGRATION OF HIGH-
ENERGY SOLID OXIDIZERS, by J. B. Levy, G. von
Elbe and others. Quarterly technical surnmary reot.
no, 12, Mar, 1-May 31, 1665, 1965. naug. 11, 1365,
10p. 1ncl. chagrs. tables. (AFOSR-65-1615) (AF 49-
(638)1169) AD 472633 Unclassified

The measurements of the flame temperature of de-
flagrating hydrazine diperchlorate using fine chromel-
alumel thermocouples have been completed at 28 atm.

A value of 1385 + 35°K was obtained, Experiments at
55 atm tentatively put the flame temperature at above
1500 °K at this pressure. Both temperatures are below
the theoretical valve of 1600 °K and indicate that ther-
modynamic equiltbrium is not attained in the flame, al-
though 1t may be at higher pressures. The temperature
profile through the combustion wave was obtatned for
deflagrahion at 28 atm, The thickness of the preheat
zone was measured as 550 + 80 g, and the thermal
diffusivity was deterrmned to be 0,0015 + . 0005 cmz/sec,l
for HDP of 2.1 g/cc density. Further measurements
of the deflagration rate were made as a function of
pressure, (Contractor's abstract, modified)

Atlantic Research Corp., Kinetics and Combustion Group,,

Alexandna, Va.

RESEARCH ON THE DEFLAGRATION OF HIGH-
ENERGY SOLID OXIDIZERS, by J. B. Levy, G von
Elbe,and others. Quarterly technical summary rept
no. 13, June 1-Aug 31, 1965. Oct. 11, 1965, 10p,
inel, diagrs, table, (AFOSR-65-2291) (AF 43(638)1169)
AD 624535 Unclassified

The flame temperature of hydrazine diperchlorate

was measured using fine chromel-alumel thermocouples,
At 28 atm, the measured temperature was found to be

~ 200 °C below the calculated product gas tenmperature,
The observed temperature increases with pressure, and
at aprroximately 100 atm the theoretical value 1s
attamined  The temperature profile through the preheat
sune of the combustion wave was carefully measured at
18 atm. This was found to agree well wath that pre-
dicted by theory if some varation of thermal diffusinty
with temperature 1s assumed. The thermal profile at
low pressure was found not to exbit the character of
tnat of a normal deflagration wave, This finchng has
shed constderable hight on the nature of the process.
Finally, quenching experiments were performed and
these are discussed. (Contractor's abstract)

Atlantic Research Corp. Kinetics and Combustion Group,

Alexandria, Va,

RESEARCH ON THE DEFLAGRATION OF HIGH-
ENERGY SOLID OXIDIZERS, by J. B. Levy, G. von
Elbe and others. Final techmcal rep:. June 1, 1962-
Nov, 30, 1965, 55p. incl, diagrs. tables, refs. (AFGSR-
66-0157) (AF 49(638)1169) AD 628035 Unclassified

The results of research on the deflagration of the solid-
propellant oxndizers, hydrazine perchlorate (HP) and
hydrazine diperchlorate (HDP), are reported and dis-
cussed. Each compound was found to be umque physi-
cally 2nd chemically, 1n both its low-temperature
thermal decomposition and its Ligh-temperature deflagra-
tion behiavor  HP and HDP are white solids of crystal
densities 1,939 and 2, 21 g/cc, and melting points of 141
and 191°C, respectively. The following aspects of the
combustion process were studied: The deflagration rate
as a function of pressure and the effects of catalysts; the
flame temperature and the temperature profile through
the combustion wave; quenching, thermal decomposition,
and chemicai behavior, In addition, vaporization rates
of HP were measured.

Austrian Atomic Energy St'dy Group. Dept. of Physics,

Seibersdorf.

[DEFECT MODE IN A FACE CENTERED CUBIC
LATTICE] Schwingungszustand eines Fremdatoms im
kubisch flaechenzentrnerten Gitter, by E. Balcar,
[1965] [8]p. (AFCSR-66-1610) (AF 61(052)638)

AD 638514 Unclassified

Also published 1n Acta Phys, Austriaca, v. 20: 325-
331, 1965,

i1

The substitution of ar atom 1n a crystal by an atom
which 1s highter than the surrounding host atoms, gives
nse to a localized defect mode of the lattice. To calcu-
late the frequency of this mode a model of the crystal
was assumed with general forces between nearest atoms
and central forces between next nearest atoms, This
model gqives the dynzmical matrix of the system which
contains the symmetry of the face centered cubic crystal,
A theoretical formula was developed to caiculate the de-
fect mode frequency by using the dynamical matrix,

The resulting formula was applied to the calculation of
the frequency of an 1sotope defect in a face centered
cubte lattice (N1 in Pd) ard compared with experimental
results.

Avco Corp, Avco-Everett Research Lab., Everett, Mass.

CURRENT SHEET TILT IN A RADIAL MAGNETIC
SHOCK TUBE, by R. B. Johansson, Sept, 1964 [20]p.
incl, 1llus, diagrs, table. (Research rept, no. 189)
(AF 49(638)659) AD 608147 Unclassified




AIR FORCE SCIENTIFIC RESEARCH

Also published 1n Phys, Flwds, v §- 866-871, May
1965,

This paper describes an experiment carried cut in a
radial (inverse pinch) shock tube with argon of 50-400 y
pressure and hydrogen of 100 u pressure, The current
sheet was found to be tilted so that the cathode side
lagged the anode side. At the anode the shock has 2 tilt
in the same direction as the current sheet, At the
cathode the shock is normal. These phenomena can be
correlated by physical models whnch assume that the
current is predomnantly carried by the ions, (Con-
tractor's abstract)
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Aveo Corp. Avco-Everett Research Lab., Everett, Mass,

THE DIOQOCOTRON INSTABILI'TY IN A CYLINDRICAL
GEOMETRY, by R, H. Levy. Dec, 1964 [21]p. incl.
diagrs, table, refs. (Research rept. no, 202) (Spon-
sored jointly by Air Force Office of Scientific Research
under AF 49(638)659 and National Aeronautics and Space
Admmstration) AD 609638 Unclassified

Also published in Phys. Fluids, v. 8 1288-1205,
July 1965,

The diocotron {or slipping stream) instability of low
density (w, < w,) electron beams in crossed fields is
considered for a cylindrical geometry, For 2 simple
density distmbution, the normal modes of the eiectron
beam correspond to a continuum of eigenvalues, plus

2 discrete eigenvalues. Work due to Case and Diku
appears to show that the continuous spectrum is not
important in stability studies of this type. The condition
for stability considering the discrete modes only is
derived, under suitable geometrical and electrical con-
ditions, 1t 18 shown that these modes can be stable,
The analogy between the electromagnetic problem con-
sldered here and the problem of the stability of andeal
rotating flmd 1s discussed. [t1s shown that stablity
conditions derived for the latter problem depend on the
possibility of axial perturbations, what this implies for
the electron beam problem is briefly discussed, (Con-
tractor's abstract)
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Avco Corp. Avco-Everett Research Lab., Everett, Mass,

THE ELECTRON PLASMA EXPERIMENT THEORY
AND APPLICATIONS, by R. H. Levy and G. S, Janes,
June 1965 [18]p. incl. diagrs. refs. (Rept, no, AMP~
160) (Sponsored jointly by Air Force Office of Scientific
Research under AF 49(638)659 and National Aeronautics
and Space Admimstration) AD 473350 Unclassified

The basic concepts involved in the production and
control of pure electron and electron rich plasmas are
reviewed, wilh particular reference to the different
geometries in which equilibrium may be achieved. An
inductive method of establishing arbitrary equilibrium
profiles is descrmbed. Recent theoretical work on the
stapility of some particularly simple equhibria 1s thea
discussed. 1Instabilihes considered are the so- called

diocotron for shppi.z stream) instability, this instabihty
(whuse 1mportance tn magnetron work is well under-
stood) is retated to the Kelvin-Helmholtz instabihiy in
flwd merhanies and a4 1ew mode involving spontaneous
coherent radiation intc space as a result of bunching.
This effect can be descnbed as the flexible antenna
instability, Both thes» instabilities are considered for
low density electron brams, Twgo experiments are dis-
cussed. The object of the first 15 to produce a stable
electron plasma 1n a simple geometry. The second is
designed te test tae practicamlity of the inductive charg-
tng scheme., A brief review of selected applicatons of
tne electiun plasma 1s also gmven, these include space
radiation shielding and certain high voltage laboratory
devives. {(Contractur’'s abstiact)
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Avco Corp. Aveu-Everett Research Lab , Everett, Mass

OBSERVATIONS OF ANUMALOUS DIFFUSION IN

EM- REGION PLASMA-ACCELERATION EXPERIMEN1S
(Abstract), by R. S. Lowder and G, §, Janes [1965]
(1]p. [AF 49(¢38)659) Unclassified

Presented at meeting of the Amer, Phys. Soc., New
York, Nov. 4-7, 1964.

Published in Bull Amer. Phys Soc , Series W, v. 10:
195, Feb. 25, 1965,

Anomalous electron diffusion has previously been re-
ported in an annular geometry EM- region plasma accel«
eration, employing an axial electric field, In this de-
vice, the mean free path and ion gyro radius are large
as compared to apparatus dimensions, while the

Debye length and electron gyro radius are relatively
small. The axial diffusion has been accounted for by
observations of azimuthal density variations and meas-
urements of phase- correlated azimuthal electric fieids
resulting from polarization along the density gradients,
A broad, somewhat striated spoke rotatingat 1 5 the
E/B veloaity in the E x B direction 1s observed. This
nonumfornmty may be due to an inherent nonumform
tomzation of the neutral influx at the anode rather than
to instabilities 1n the plasma 1tself. The spoke velomty
also approximates the critical velocity commonly ob-
served for 1omzation waves, Time fluctuations in
density anc in electric and magnetic fields can be cor-
related assuming adiabatic electron motions,
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Avco Corp. Avco-Everett Research Lab,, Everett, Mass.

PLASMA PROPULSION RESEARCH (Abstract), by G 8.
Janes. [1965] [2]p. (Bound with 1its AFOSR-65-1266,
AD 622527) (AF 49(638)659) Unclassified

Presented at Eighth AFOSR Contractors' meeting an lon
and Plasma Propulsion Research, Los Angeles, Calif.,
Apr. 29-30, 19€5.

I. Colhsionless Electron Heating Accompanying
Anomalous Electron Diffusior tn EM Hegion DC Accelera-

tors. Electron diffusion can be accounted for by a

. 20
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collisionless adiabatic transport process; however,
neutral atoms leaving the anode are ionized hy electron
impact and the energy for this must be provided by some
ncnadiabatic electron heating process whick must include
both a2 source of energy and 2 means of conveying it to
the electrons. The collisional 10n-electron thermal
relaxabon process is very slow, However, ion acous-
tical waves have been observed, and the evidence sug-
gests that this low frequency ion wave energy is trans-
ported to higher frequencies where it is absorbed by
electrons at the electron cyclotron frequency. W. Single
Component Plasma Research. The term "single
component" i5 uscd to describe plasma conditions
wheretn the number density of electrons exceeds the
number density of ions and neutrals to such an extent
that the plasma motion is controlled by magnetic and
collective electrostatic forces rather than by magnetic
and collective inertial (or pressure) forces (1, e.,

¢ ;E“’2 > aK'T or pv).. DC experiments in cyhindrical
geometries inccate the possibility of producing these
conditions inductively by injecting electrons tangentally
into cylhindrical (or torus) shaped systems with rising
axial magnetic fields. 1Uf verified, this inductive pumping

techmque should result in the generation of large radial
electrostatic fields.

15

\vco Corp, Avco~Everett Research Lab,, Everett, Mass.

SINGLE- COMPONENT PLASMAS. I (Abstract), by
R H. Levy, G. S. Janes, and P. J. Gierasch. [1965)
[1lp. [AF 49(638)659) Unclassified

Presented at meeting of the Amer. Phys. Soc., New
York, Nov. 4-7, 1964,

Published in Bull, Amer. Phys, Soc., Series [, v, 10:
338, Feb, 25, 1865,

It is possible to arrange, 1n special geometries, for a
cloud of electrons not neutralized by the presence of
1ons to be confined in equilibrium under opposing n.ag-
netic and electric forces. The neutralizing positive
charge is fixed on a single electrode external to the
plas.na. If the thermal pressure of the electron gas s
less than the electrostatic pressure, the Debye length
(kT/4mn e ) will be smaller than the over-all size of
the cloucf Since collective effects are then possible,
the cloud has some plasma properties e /en though 1t
contains only a single component. The ¢lectric-field
pressure 1§, in turn, smaller than the magnetic pres-~
sure by a factor that is roughly analogous to the 3 of a
neutral plasma. Animportant feature f the single-
component plasma 1s that the electric held, and hence
also the E/B 4rif. veloaity, has strong spatial vana-
tions. The rquestion of stabtlity is considered for some
simpl.fied cases, Animportant distinction from neutral
plasmas 1s that coherent radiation from the plasma will

probably govern the over-all stability of any particular
configuration,

~21 ¢
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Aveo Corp. Avco-Everett Research Lah,, Everett, Mass.

SINGLE- COMPONENT PLASMAS. T (Abstract), by
G. 8. Janes and % H. Levy. [1965](1]p. [AF 49(638)-
659] Unclassified

Present:d at meeting of the Amer, Phys. Soc., New
York, Nov. 4-7; 1964,

Published in Bull. Amer. Phys. Soc,, SeriesTl, v, 10:
238, Feb. 25, 1965

Single- component plar ma conditions can be produced in
magnetron or PIG -type apparatus operating under high-
vacuum space-charge-limited conditions. The results
of such experiments suggest that electron densities 1n
excess of 1010/em3, containment times in excess of
10-5 gec, and values of wr in excess of 10% have been
obtained. These considerations suggest that it may also
be possible to create single- component plasma conditions
without the use oi an 1nitial dc high-vcitage power supply
by trapping electrcns on magnetic-field lines and chang-
ing the total magnetic flux in the system, provided that
the local electron-diffusion velocities do not exceed the
magnetic compression rate, This inductive-pumping
technique appears to have useful applications to radiation
shielding 1n space and to plasma generation,
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Avco Corp. Avco-Everett Research Lal,, Everett, Mass.

EXPERIMENTAL AND THEORETICAL STUDY OF MAG
NETOHYDRODYNAMIC IONIZING FRONTS, by R. M,
Patrick and E. R. Pugh. [1965)[9]p. incl. illus, diagrs.
refs, (AF 49(638)1129) Unclassified

Presented at meeting of the Amer. Phys. Soc., New
York, Nov. 4-7, 1964,

Abstract published ir Bull, Amer. Phys, Soc., Seres
M, v. 10: 195, Feb. 25, 1965,

Published 1n Phys, Fluids, v. 8: 636-655, Apr. 1965,

An experimental and theoretical degcriptionr of ionization
fronts propagating into hydrogen with a bias magnetic
field in the plane of the front 18 presented. The experi-
mental evidence showed that the absolute hight intensity
behird the front correspends to a fully tonized plasma,
The density ratio was obtained by measuring the mag-
nitude of the current in the front, the front speed, and
using the equation of mass and rnomentum. The front
speeds are small compared to the Alfven velocity and
are characterized by a critical velocity U, where U

1S the velucity 2 molecule must have so the kinetic
energy equals the energy necessary to iomze ., A
theory for the ionization front was developed which neg-
lects the plasma pressure and abandons the condition

E = V x B both ahead and behind the front. The theory
predicts the front velocity and the rather unusual variation

of the density ratio across the fronts with the front speed.
(Contractor’s abstract)
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Avco Corp. Avco-Everett Research Lab,, Everett, Mass,

PROPERTIES OF COLLISIONLESS PLASMAS {(Ab-
stract), by R. M. Patrick. [1965][i]p. (Bound with
its AFOSR-65-1266; AD 622527) (AF 49(638)1129)
- Unclassified

Preseated at Eighth AFOSR Contractors” meeting on
Ion and Plasma Propulsio. Research, Los Angeles,
Calif., Apr, 29-30, 1965.

An experimental and theoretical description of ioniza-
tion fronts propagating 1ato hydrogen with a bias mag-
netic fleld in the plane of the front was carried out.
Measurements of the absolute light intensity belnd

the front showed that the plasma was fully ‘omzed.

The front speeds were small compared to the Alfven
speed ahead of the front, and were characternzed by a
critical velocity U,, where Ug 15 the velocity 2 mole-
cule must have so its kinetic energy equale the energy
necessary to lonize it, A semi-empirical theory was
developed for these fronts and predicted the front speed
and the rather unusual vanation of the density ratio
across the fronts with front speed. Calculations based
on work by Salpeter of the spectrum of Thomson scatter-
ing of a laser beam from typical laboratory plasmas
were completed, Thomson scattering of a ruby laser
beam by plasma electrons produced by strong magneto-
hydrodynamic shock waves in a MAST was observed,
The intensity of the scattered radiation was equal to or
greater than the radiation emitted by the shock heated
hydrogen, and sufficient for time resoluton of 10-8
seconds. The scattering results gave the velocity ds-
tributions of electrons and corroborated the previous
measurements of shock gpeed, shock thickness, and
plasma density.
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Avco Corp. Avco-Everett Research Lab,, Everett, Mass.

THOMSON-SCATTERING OBSERVATIONS FROM

MHD SHOCK-HEATED PLASMAS (Abstract), by R. M.
Patrick and E. T. Gerry. [1965] [1]p. [AF 49(638)-
1129] Unclassified

Presented at meeting of the Amer. Phys, Soc., New
York, Nov, 4-7, 1964,

Publighed in Bull, Amer, Phys. Soc., SenmesTl, v, 10-
236, Feb. 25, 1965.

Thomson scattering of a ruby-laser beam by plasma
electrons produced by strong MHD shock waves ina
MAST has been obser ed. The laser beam was aligned
narallel to the axis of the MAST; the 90° scattering was
observed perpendicular to the direction of the shock
propagation. The power of the "Q'"'-switched laser
beam was between 3 and 30 mw, with pulse durations
between 2 x 1075 and 107 sec. The magnitude of the
scattered radiation was equal to or greater than the
radiation emtted by the shock-heated hydrogen and
sufficient for ttme resolution of 10~ gec, The scatter-
ing results gave the velocity distribution of the elec-
trons, and corroborated the previous measurements of

22

shock speed, shock th ckness, and plasma denstty, The
initial conditions ahead of the MHD shocks were hydrogen
pressure between 40 and 100 u Hg, B filed 3800 G; the
conditions behind: plasma density 4-10 x 1015 yons/cm3,
B filed 8000 G. Oscillograms showing both plasma radi-
ation and Thomson scattering are shown. The measured
velocity distribution for the plasma electrons is dis-
cussed,
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Avco Corp. Avco-Everett Research Lab., Everett, Mass,

LABORATORY SIMULATION OF SOLAR WIND

PHENOMENA, by R. M. Patrickand E. R. Pugh, Oct.

1965, 28p. incl. 1llus, dwagrs. tables, refs. (Research

rept. no. 234) (Sponsored jointly by Air Force Office

of Scientific Research under AF 49(638)1483 and National

Aeronautics and Space Administration) AD 622725
Unclassified

The TMP Satellite magnetic field measurements 1n the
vicinity of the earth's magnetopause have shown that
there is a standing shock between the earth's magnetic
field and the solar wind, and a flow between the shock
and the magnetosphere which is like a continuum flow,

A theory which describes the boundary between this flow
and the magnetosphere has been developed which shows
that the diffusion of the magnetic field lines associated
with the solar wind into the earth's magnetosphere can
be much larger than previously expected. This has
generated an interest in this Laboratory to build a facihty
which produces a steady flow of high conductivity, colli-
sion-free plasma with a characteristic flow dimeasion
large compared to the 1on gyro radii. A description of
this facility and the design criteria will be ;aiven. The
results of the calculation of the plasma {low 1n the field
anmlation region between the solar wind and the mag-
netopause will be briefly reviewed, and the most recent
experimental results obtained in the plasma wind tunnel
facility will be given.
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Avco Corp. Avco-Everett Research Lab,, Everett, Mass.

ON A NEW TYPE OF ACCELERATOR FOR HEAVY

IONS, by G. S. Janes, R. H. Levy and others. [1965]
[101]p. tncl illus. chagrs. refs. (Rept mno. RR-235)
(AF 49(638)1553) AD 475149 Unclassified

A new dewvice (called HIPAC - Heavy lon Plasma Acceler-
ator) which may be capable of accelerating 1ons of any
atomic number to energies sufficient to overcome the
nuclear Coulomb barrer 1s described. A closed po-
tential well 1s created by filling a toroidal vacuum
chamber with electrons; the electrons are contained by

a magnetic field whose intensity 1s so low that its effect
on the 1ons can be neglected, Tons are both accelerated
and trapped 1n the well, the trapping effect allows suffi-
cient time for the lons to become highly stripped by elec-
tron impact. The very large 10n energies that can be
achieved 1n this way would allow a wide variety of nuclear
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reactions to be studied, including inverse fision. The
present primitive state of development of the HIPAC
1s described, and the future prospects assessed.
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Avco Corp. Avco-Everett Research Lab., Everett, Mass.

PLASMA RADIATION SHIELDING, by R. H. Levy and

S, Janes. Dec. 1965 [22]p. incl. dagrs table, illus
(Rept. no. AMP-179) (Sponsored jointly by Air Force
Office of Scientific Research under AF 4%(638)1553 and
National Aeronautics and Space Admimstration)

AD 476154 Unclascified

The principles of operation of the Plasma Radiation
Shield are explained. The relationship between this
device and others using crossed field electron beams
(such as the microwave magnetron) is indicated.
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OSCILLATORY MAGNETIC PROPERTIES OF NEARLY
FREE ELECTRONS, by M. L. Glasser. [1965][2]p.
incl. refs. (AFOSR-65-1372) (AF AFOSR-63-260}
AD 621407 Unclassified

Also published in Phys. Ltrs., v. 15: 17-18, Mar, 1,
™wes

Theory interpreting oscillatory magnetic properties of
metals is considered. It is suggested that a proper way
to investigate the problem would be to calculate the os-
cillatory part of the free energy of a gas of Bloch elec-
trons in a magnetic field, but this is a m:athematically
intractable problem. This investigation presents a sim-
ple model formulated on the basis of some approxima-
tions which permit a relatively straight forward analytic
solution. The principal assumption 15 that the metal to
be described is amenable to the weak pseudopotential ap-
proximation. The csacillatory free energy can be evalu-
ated analytically uf the potential is consiant normal to and
periodic along the uniform .nagnetic field.
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ENUMERATING NEAR NEIGHBORS, by V. E. Wood.
11965] [3]p. incl. diagrs. tables. (AFOSR-65-2568)
(AF AFOSR-63-260) AD 626802 Unclassified

Also published in Amer. Jour. Phys., v. 33: 632-634,
ug.

An elementary method 18 described for enumerating near
neighbors of an 10n in & composite lattice where the ton
positions are determined by symmetry. The method 18
1llustrated by examples. (Contractor's abstract)
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TON-PATRING BETWEEN LITHIUM AND THE RESIDUAL
ACCEPTORS IN Gasb, by R. D, Baxter, R, T. Bate, and
F. J. Reid. [1965} (8. nel. diagrs. refs. (AFOSR-
65-1186) (AF AFOSR-64-525) AD 620689

Unclassified

Alsc published in Jour. Phys. and Chem. Sohds, v. 26

The electrical properties of p-type GaSb contaimng liths-
um have been measured over the temperature range 20-
400°K. It was found that introduction of lithwum by du-
fusion at temperatures beltw 500° C results in reduced
hole concentrations and increased Hall mobihities. In
addition, the residual acceptor level at approx. 0.03 ev
characteristic of pure material, apparently disappears
and is replaced by a shallow acceptor level. This be-
havior is taken as evidence ior the formation of ion pairs
between lithium donors and doubly charged residual ac-
ceplors. Introduction of Lithium by diffusion at 600' C

> 24 <

and subsequent heat treatment at lower temperature re-
sults in the formation of a large density of holes

(>1 x 1018 cin-3) associated with a shallow level, sug-
gesting the presence of substitutional lithjum.
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Batteile Memorial Inst,, Columbus, Ohio.

CONDUCTION ELECTRON SCATTERING BY IONIZED
DONORS IN InSb AT 80°K, by R. T. Bate, R. D. Baxter
and others. [1965][10]p. incl. dugrs. refs. (AFOSR-
65-2105) (AF AFOSR-64-525) AD 628437

Unclassified

Alsv published 1n Jour., Phys. and Chem. Solids, v 26
I..”OE-;IZH, Aug. 1965.

Electron mobility data obtained from Hall effect and re-
sistivity measurements at 80°K on samples of InSb con-
taining 1 x 1015 to 3 x 1017 jomzed donors per cc are re-
ported and analyzed. The dominant scattering mecha-
nism is that by ionized impurities, and theoretical re-
sults are corrected for electron-electron collisions and
band nonparabolicity. The Kane model for the conduc-
tion band is employed, neglecting perturbations from
bands other than the conduction and valence bands. The
non-parabolic band shape is found to have a strong in-
fluence on the mobility at higher carrier concentrations.
Approximate calculations are also made of the contri-
bution of polar scattering as modified by the electron-
electron collisions. Combination of the 2 mechanisms
accounts fairly well for the observations measured as a
function of impurity concentration.

10%
Battelle Memorial Inst , Columbus, Ohio

HIGH-MOBILITY LOW-MELTING-POINT GRQUP II1-V
COMPOUND SEMI.ONDUCTORS, by A C. Beer, R. D
Baxter, and F. J. Reid Fiial technical rept. Oct. 31,
1965, 19p. ncl. diagr. table, refs. (AFOSR-65-2531)
(AF AFOSR-64-525) AD 524562 Unclassified

Research accomplishments summarized 1n the report
include: (1) the reasounably conclusive identification of
the residual defect in Gasb as a type of antistructure,
e.g., Ga atoms 1n Sb sites, (2) the development of spe-
eal technigues which enabled preparation of GaSh crys-
tais having an order of magnitude lower concentratinn
of the residual acceptors, with large increases in the
hole moblity, (3) the achievement of relatively uncom-
pensated n-type crystals of GaSb exhibiting a room-
temperature mobility of 6300 cm2/volt-sec—a value sub-
stantially larger than has been reported elsewhere, (4)
the elucidation of scattering mechanisms in the above
n-type material, which illustrated the importance of ¢f-
fects arising from the subsidiary conduction band, in-
cluding screening of the Coulomb interaction; and (5)
the analysis of electron scattering in moderately-dopea
InSb,, which revealed the influence of electron-electron
interactions and the nonparabolicity of the conductior
band.
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SOLUBILITY AND ELECTRICAL BEHAVIOR OF Li IN
N-TYPE GaSb (Abstract), by R. D. Baxter and F., J.
Rewd (1965][1]p. [AF AFOSR-64-525]

Unclassified

Presented at meeting of the Amer. Phys. Soc,, New
York, June 23-24, 1965.

Published in Bull. Amer. Phys. Soc. Series II, v. 10
599, June 1965.

When diffused into n-type GaSb containing Te donors,
lIithium enters the lattice both interstitially and sub-
stitutionally, the dominant species veing determined by
the diffusion temperature. Diffusion of L1 at 400°C re-
sylts 1n 1ncreased electrun concentrations and in Hall
mobilities, which at 77°K are more than 50% higher than
for samples with comparable electron concentrations

but without added hithium, Diffusion at temperatures
above 500 C, however, produces p-iype GaSb character-
1zed by a shallow acceptor level, The 400°C results are
discussed in terms of a lithium-donor /residual-acceptor
nteraction, which was postulated to describe results of
previous investigations into effects of lithium on electri-
cal properties of p-type GaSb. Results of the higher-
temperature diffusions are 1dentical to those obtained on
p-iyve GzSb and similar to those described by Fuller for
L1 in CaAs, 1n which the shallow acceptors are identi-
fied as LitLi~ self-pairs, Spectrographic determina-
tions of total lithium solubility as functions of tempera-
ture and 1nitial carrier concentration are presented and
compared with electrical data,
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LASER-INDUCED THERMIONIC EMISSION AND FROM

TANTALUM, by C. M. Verher aad A, H. Adelman.

[1865] [41p. ncl. diagrs. (AF AFOSR-84-840)
Unciassified

Published in Jour, Appl. Phys., v, 36+ 1522-1525, May
965 T

The mduced thermiome emasion o elecirons from tanta-
lum as the result of bombardment witht jaser beams of

: up to 105-W /em2 peak power density as a function of the
tantalum temperature has veen measured. {15 shown
that within the power range investigated, the resulls car

' to desceribed 18 detanl o5 thermionie emission resulting

Presented at meeting of the Amer. Phys. Soc., Kansas
City, Mo., Mar, 24-27, 1965.

Published in Bull. Amer. Phys. Soc., Series II, v. 10:
302, Mar. 24, 1965.

A self-consisteni approach is used to discuss the poten-
tial of 10nized impurities in solids in which the conduc-
tion electrons are treated as a free electron gas of ar-
bitrary degeneracy. A perturbation series 15 written
down explicitly to all orders in the potential . The
linear term in ¢~ which gives the same results ob-
tained by Takimoto, Langer, and Vosko and by March
and Murray—can be obtained from the dielectric treat-
ment of Lindhard, and hence one can include the polari-
zation of the core electrons. The screening charge den-
sity 1n metals and the Friedel oscillations are discussed.
For a slowly varying potential, the verturbation series
can be summed and one obtains the Thomas-Fermi equa-
tion. Corrections to the linearized Thomas-Fermi equa-
tion are discussed. These terms improve only the
asymptotic behavior of the potential and lead to difficul-
ties if extended to the origin. However, the first correc-
tion to the mobility 1s quite small 1n general, as can be
established in the Born approximation,
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THERMAL RADIATION OF HIGH-TEMPERATURE
COMBUSTION PROCUCTS, by T. G. Rossmann and
L. M. Wood. Final technical rept. Dec. 2, 1963-Dec.
31, 1264, Feb. 1965, 40p. 1ncl. illus. diagrs. (Rept.
no. 9139-933002) (AFOSR-65-0431) (AF 49(638)1287)
AD 612698 Unclassified

The purpose of this program 1s to amphfy the scarce
exisiing information concerning those physical proper-
ties of gases which determine theiwr thermal radiation,
especially at high temperatures and pressures. The ex-
perimental approach consists in determining directly,

by means of emission radiometry and spectroradiometry,
the magmtude and spectral distribution of the thermal
ragiation, These measurements will be conducted on
gases which appear as or at least are contained 1n the
combustion products of actual combustors, e.g. rocket
combusilon chambers, and will extend over ranges of
temperature, pressure and radiating path lengths as
close ar pa-aible to the ranges encountered in practice
in such combustors. This information will enable the
designer to predict. with greatly improved accuracy, the
radiant heat flux from the combustion gases to the walls
of the combustor,

from a temperature mcrease which 1x caleulabls from
.y
classical heat-transier theory, 112

Bell Aerosystems Corp,, Buffalo, N. Y,
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A UNIFYING MATHEMATICAL THEORY FOR TRAIN-
Battelle Memorial Inst. , Columbus, Ohio. ING LEARNING NETS, by J. G. Goerner, L. A,
Gerhardt, and F. D. Powell. Oct. 29, 1965, 97p. incl.
ON THE POTENTIAL OF ION!ZED IMPURITIES IN dugrs. tables, refs. (Rept. no. 9500-920032)
SOLIDS (Abstract), by L. Adawi. [1965][l]p. {AF (AFOSR-65-2710) (AF 49(638)1449) AD 627908
AFOSR-64-640)] Unclassified Unclassified
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‘This report analyzes the deterministic approaches which
have been applied to the description of neural net con-
figurations and their training algoritt ms which employ

a single layer of trainable gain elem :nts and partition
the input space by hyperplanes. The nets are described
by n-dimensional geomeire . ector methods., A general
algorithm is developed based on gradient or steepest-
descent methods for optimizing a system given a quadrat-
1c index of performance. Reductions of this algorithm to
the two basic classes of (a} error correcting and (b)
forced Jearning algorithms as special cases are consid-
ered. Effects are discussed of component 1mperfections
such as saturation, nonlinear adaption rates, hysteresis,
and component failure. Examination of advantages and
disadvantages of the various algorithms indicate that

the error correcting algorithm and its modified forms
have the following areas of superiority' (1) capability
separating separable classes, (2) ability to form least-
mean-square error for non-separable classes, (3) mini-
mum magnitude gain vector, and (4) relative insensitivity
to component imperfections. The forced learning algo-
rithms respond to the relative frequency of the input
classes. Where this sensitivity 1s important, the forced
learning algorithm may be superior,,
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Bell Aerosystems Corp. , Buffalo, N. Y.

THE APPLICATION OF ERROR CORRECTING LEARN-
ING MACHINES TO LINEAR DYNAMIC SYSTEMS, by

J. G. Goerner, L. A, Gerhardt, and F. D. Powell,
[1965] [6]p. incl. diagrs. (AFOSR-66-0012) (AF 49(635)-
1449) AD 632184 Unclassified

Presented at Nat'l. Electronics Cord., Chicago, Ill.,
Oct., 25-27, 1965,

Also pubhished in Proc. Nat'l, Electronics Conf., v, 21.
541-546, 1965,

1t 1s shown that a learning machine with orderly structure
and determimstic training can model an unknown linear
plant and/or find the plant's invei se to the extent phys-
1cally realizable with least-mean-squared-error per-
formance. Use of these properties to solve problems
wvolving complex least-mean-square performance in-
dices is demonstrated and a general algorithm for de-
termimstic search for LMSE performance 1s described,
(Contractor's abstract)
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Biot, M. A., New York.

MECHANICS OF INCREMENTAL DEFORMATIONS, by

M. A, Biot. New York, Wiley and Sons. 1965, 504p.

ncl. diagrs. refs. (AFOSR-65-0551) (AF 49(638)1329)
Unclassified

A new approach to non-linear elasticity and viscoelastic-
ity 1s presented which 1s characierized by the use of
cartesian concepts and elementary mathematical meth-
ods and by the explicit introduction of a local rotation
field in the 3-dimensional equations. The theory pro-
vides general and rigorous equations governirg the

>26 -

dynamacs and stability of solids and fluids under 1nitial
stress. It does not require tnat the mediuia be clactic
or 1sotropic, and .t 1s applicable to anisotropic, plastic,
and viscoelastic media.
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Birmingham U. Dept. of Chemistry (Gt. Brit.).

MICROWAVE SPECTROSCOPIC STUDIES OF MOLE-
CULES, by J. Sheridan. Jan. 31, 1965, 11p. incl.
tables. (Scientific rept. no. 3) (AFOSR-65-1687;
(AF EOAR-62-1) AD 6254917 Unclassified

Detailed spectroscopic studies are summarized for
acetyl acetylene and trifluoroethylene. For the first o
these, assignments and barrier-heights were found for
3 1sotopic forms and very consistent results derived.
For trifluoroethylene, an exhaustive study of vibra-
tionally excited molecules was made, leading to identa-
fication of spectra for carbon-13 spe.ies 1n natural con-
centration. When these were comuoined with data for the
deuterated species, all possible microwave structural
information for the molecule was derived. Dipole mo-
ment studies of ‘hese substances are also reported with
preliminary work on other molecules, Computational
procedures in spectral analysis were developed.
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Birmingham U. Dept., of Chemustry (Gt. Brit.).

PREPARATION OF THIAZYL FLUORIDES, by B. Cohen,
T. R. Hooper and others. [1965}[2]p. (AFOSR-65-
2184) [AF EOAR-63-06] AD 627198 Unclassified

Also published 1n Nature, v, 207 748-749, Aug. 14,
1965,

Observations were made of the action of several liquid
and gaseous fluorides oa sulphur nitride, and also the
reaction of sulphur tetrafluoride with ammoma. The
fluorides examined were' selenium tetrafluoride. iodine
pentafluoride, sulphur tetrafluoride, antumony penta-
fluoride, and vanadium pentafluoride. The tempera-
tures at which the reactions occur and the products
formed (particularly thiazyl fluoride) are given, It is
noted that sulphur tetrafluoride reacts with ammonia at
-95°C to yield sulpbur tetramitride and at 25°C to yield
thiazy} fluoride.
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Bolt, Beranek and Newman, Inc., Cambridge, Mass.

EVOKED POTENTIALS IN AUDITORY CORTEX . "TER
BILATERAL TRANSECTION OF THE BRACHIUM U1
THE INFERIOR COLLICULUS IN THE CAT, by . C
Nieder and N. L. Strominger. [1965]110]p. sncl las
refs. (Sponsored jointly by Air Force Office of Scien-
tific Research under AF 49(638)1142 and Office of Naval
Research) Unclassified

Published in Jour. Neurophystol., v 28 1185-1194,
Nov, 1965.
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In a series of 6 cats, transcortical electrodes were
chronically implanted ;1 auditery cortex. The effects

of sectioning the brachium of the inferior colliculus upon
coriical potentials ehirited by acoustic stimuli were stud-
1ed 1n unanesthetized animals and in animals anesthetized
with barbituraies. Complete transection of the brachium
of the inferior colliculus abolished evoked potentials in
auditory cortex under both of these conditions.
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Boston U. Dept. of Physics, Mass.

SMALL-PARAMETER EXPANSIONS OF LINEAR BOLTZ-
MANN COLLISION OPERATORS, by H. Akama and A.
Siegel. [1965][27]p. incl. dhagrs. refs. (AFOSR-66-
1587) (AF AFOSR-62-i77} AD 640227 Unclassified

Also published 1n Physica, v. 31 1493-1519, 1965.

An 1mportani problem in the study of wrreversible proc-
esses 1s the approxamation of the linear Boltzmann
operator by the Fokker-Planck operator or, when this
15 1nsufficient, by still further terms. The first attempt
at a solution of this problem was the Xramers-Moyal
expansion. Van Kampen and Siegel nave reformulated
this expansion with the aim of systematizing terms ac-
cording to order of magnitude. Very few studies have
been made of this problem 1n the multidimensional case,
particularly colliszion processes. The present paper de-
rives a new and greatly simplfied formuia for the coef-
ficients of the Kramers-Muya' sertes 1n collision proc-
esses, This 1s applied to Siegel's order-of -magnitude
rearrangement ("CD expansion’), which 1s found to have
the required property at least wn the case of power-law
molecular interactions. Finaliy, a new stochastic model,
related to the thecry of collision processes 1s presented
for the sake of 1its mathematical interest and simplicity.
(Contractor's abstract)
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Boston U, Dept. of Pavsics, Mass.

COVARIANT MERGING OF SPIN AND UNITARY SPIN,

by P. Roman and J. J. Azhassi. [1965][3]p. ncl. tatle,

refs, (AFOSR-65-0824) (A¥ AFOSR-63-385) AD 616207
Unclassified

Also published 1n Phys. Lirs., v. 14: 68-70, Jan. 1,
1965, T

Previous progress toward the unification of internal and
external symmetries 18 considered, and it 1s pointed out
that the lack of covariance 1s the main difficulty in the
scheme. A pussible covariant generalization 1s pro-
posed which 1s based on the observation that the nhomo-
gencous Lorentz group, including reflections, 1.4, canbe
be cunsidered as the linut of a deSitter group whose group
space 15 embeddea an a flat 5-dimensional space-time,

becomng ihe 4~surface of a sphere with R -+ The Lie
ring of this s g groap can be constructed by considering
1its Iundamental 4-component spior representation, the

penerators of which are composed of 2 independent sets
of 2 x 2 Pauly matrices

27 «
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Boston U. Dept. of Physics, Mass.

A NOTE ON FIELD THEORIES WITHOUT MASS RE-
NORMALIZATION, by W. S, Hellman and P. Roman.
[1965] [3]p. (AFOSR-65-1813) (AF AFOSR-63-385)
AD 625559 Unclassified

Also published in Nuovo Cimento, Series X, v. 37 779-
781, May 16, 1965,

It has been formerly conjectured by Olesen that a field
theory in which no mass renormalization 1s necessary
yields an S-matrix equal toumty. In this paper a
counter-example 1s presented to the field theory con-
structed to illustrate the above conjecture. The model
considered is that of a neutral pseudoscalar boson
gradiently coupled to the Dirac field. R is found that the
theory 1s not constrained to be equivalent to a free-{1eld
theory. The results indicate that a spiniess pseudosca-
lar boson with zero bare mass must be excluded from
the doman of Clesen's theorem. One of the conditions
of the field theory can, however, be restated to take in
account the example.

122

Boston U. Dept. of Physics, Mass.

MASS FORMULA IN THE COVARIANT SPIN-UNITARY
SPIN SCHEME, by P. Roman and J. J. Aghassi. [1965)
[4]p. ncl. tables. (AFOSR-65-1814) (AF AFOSR-63-
385) AD 625561 Unclassified

Also published in Nuovo Cimento, Series X, v. 36:
1062-1065, Apr. 1, 1965,

A mass formula 1s developed to give fnsight into the co-
variant spin-umtary spin scheme. The full symmetry
group $Vio © U?, where U!Bxs the baryon gauge group,

1s decomposed to relinquish n12 =(Ay - Exsz) +(Ag +
Bysg) & 5 + (A3 + Bysol[T(T + 1) — Y2/4]+ (A4 +
B4s9)BY. This formula 1s applied for the baryon su-

permultiplet 364 and the meson supermultiplet 143 to
obtain the barvon and boson masses,
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Boston U. Dept. of Phvsics, Mass,

D F RATIOS AND RARYON MAGNETIC MOMENTS IN
THE $V9 SCHLME, bv P Romanand J. J Aghass:.
11965 [4]p ncl table  (AFOSR-65-:469) (AF AFOSR-
63-385) AD 626513 Unclassified

Alsu publishied ir Nuovo Cymento, Sries X, v 38
1092-1095, Tuiv 16, 1965

Som¢ dynanncal predutions are caleulated for the
taryon mesonvettices nthe 8y 19 symmetry scheme
Broahimg down sV g9 mta SU4 x4 and noting that the
algebra of s docally somorphic wath that of P4, the
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Boston U. Dept. of Physics, Mass,

ELECTROMAGNETIC MASS CORRECTIONS IN THE
COVARIANT SVgq SCHEME, by P. Romanand J. J.
Aghassi. [1968) [4]p. incl. tables. (AFOSR-85-1870)
(AF AFOSR-63-385) AD 626512 Unclassified

mgnmumcmm, Series X, v. 37
, May I, 1985,

Electromagnetic effects are considered in the §V2 sym-

ndry scheme, a covariani merging of space-time and

symmetries within a framework which uses the
aa&mr group for a background. The electromagnetic
mags-splitting operator is taken, to transform as the
charge operator © and it is convenient to evaluate this
by using the U-spin formalism. The complete mass
fornwla is obtained and its constants determined for the
143 and 364 baryon supermultiplets. Electromagnetic
Wum rulésire discussed. The principal result is that
electromagnetic mass splittings can be related in dif-
terent spin sgbmultiplets.
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Boston U. Dept. of Physics, Mass.

MACH'S PRINCIPLE, BARYON CONSERVATION AND
BARYON MASS, by P. Roman. [1968]{17)p. incl. refs.
(AFOBR-65-1871) (AF AFOSR-83-385) AD 636780

Unclassified
Also Hluhed in Nuovo Cimento, Series X, v. 37:
- » y 10, 1965,

Mach's principle is viewed as being incorporated into
relativity by means of Dicke's scalar fivid theory. The
assumption is made, however, that the scalar field in-
teracts only with baryonic matter. R foliows that the
baryon current cheys an equetion of contimuity., By
adopting the steady-state model of the universe, the
baryon mass becomes determined by the scalar field.
Thus, both baryon conservation and the origin of the
baryon mass can be regarded as a consequence of
Mach's principle. In order to ensure the unrestricted
validity of the equivalence principle, one must allow

for a pressure in the matter fields. Various cosmologt-.
cal consequences sre discussed. (Contractor's abstract)
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A SHARPENING OF O’RAIFEARTAIGH'S THEOREM,

by P. Romanand C. J. Koh. [1965][2)p. (AFOSR-

65-2800) {AF AFOSR-63-385) AD 627623
Unchssified

Wmmmuo, Serfes X, v. 39:
, oct. 1, 1965

Proof is given of the theorem tiat: In any irreducible
representation of a group G, the operator p2 cannot
have more than 1 eigenvalue.

128

Boston U. [Dept. of Physics] Mass,

COVARIANT UNIFICATION OF SPACE-TIME AND 8U3

SYMMETRY (Abstract), by P. Romanand J. J
Aghassi. [1965][1]p. [AP AFOBR-63-385)
Unclassified

Presented at meeting of the Amer. Phys. 8oc.,
Washington, D. C., Apr. 26-29, 19865,

Published in Bull. Amer. Phys. Soc., Series II, v. 10;

130, Apr. 28, 1965,

Three quarks spanning the fundamental spinor repre-
sentation of the deSitter group are taken to define the
noncompact SVi2 group. Mesons and baryons are con-

structed as 2- 4nd 3-fold products. Reducing these ac-
cording to Lg x S8U3, one obtains {or mesons the 0~ and

1= octets and the 0- and 1~ singlet; for baryons, one
gets the 1/2+ octet, 3/2* decuplet, 1/2* singlet, and
the 3/2- octet. A mass formula, including also elec-
tromagnetic effects is derived. It gives interesting in-

termultiplet relations and good numerical fits. Further

dynamical consequences of the scheme are discussed.

127
Boston U. [Dept. of Physics] Mass.

SYMBOLIC CALCULUS OF THE WIENER PROCESS
AND WIENER-HERMITE FUNCTIONALS, by T.
imamura, W. C. Meecham, and A. Siegel. [1965]
[12)p. incl. refs. (AFOSR-65-2121) (Sponsored jointly
by Air Force Office of Scientific Research under

[AF AFOBR-64-557] and Office of Naval Research)

AD 0622659 Unclassified

Also %llshed in Jour. Math, Phys., v. 6: 695-706,
y 2

A new definition is given for the 'ideal raadom function'
(derivative of the Wiener function), which separates out
infinite factors Yy fullest exploitation of the possitili-
ties of the Dira: delta function. By allowing all in-
tegrals to be written formally as sum~, this facilitates
the definition and manipulation of the Wiener-Hermite
functiorals, especially for vector random processes of
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multiple argumer’. Expansion of 2 random function in
Wicner - Hermite functionals s dizcussed. An expres-
sion is derived for the expectation value of the product
 any number of Wiener-Hermit= functiomals; this is all
that is needed in prisciple to cbiain full statistical in-
formation from the Wiener -Hermite functiomal expan-
sion of 2 random function. The method is illusirated by
the calculation of the first correction to the flatness
factor (measure of Gaussianity) of a nearly-Gaussian
random furctioe. {(Contractor's abstract)

128
Boston U. [Dept. of Physics] Mass.

WIENER-HERMITE EXPANSION IN MODEL TURBU-
LENCE IN THF. LATE DECAY STAGE, by A. Siegel,
T. Imamura, and W. C. Meecham. [1965][15)p. incl.
tables, refs. (AFOSR-65-2122) (Sponsored jointly by
Arr Force Office of Scientific Research under

[AF AFOSR-64-557) and Office of Naval Research)

AD 622660 Unclassified

Also Eblished in Jour. Math. Phys., v, 6: 707-721,
May d,

The Wiener-Hermite functional expansion, which is the
expansion of a random function about a Gaussian func-
tion, is substituted into the Burgers 1-dimensional
mode! equation of turbulence. The result is a hierarchy
of equations which (along with 1nitial conditions) deter-
mine tke kernel functions which play the role of expan-
s1on coefficients in the series. Initial conditions are
postulated, based on physical reasoning, critera of
siumplicity, and the assumption that the series is to rep-
resent the late decay stage (in which the Gaussian cor-
rection is small and also decreasing with time). These
are shown to justify an iterative solution to the equa-
tions. The first correction to the Gaussian approxima-
tion is calculated. This is then tested by evaluating the
correction to the flatness factor, which for an exactiy
Gaussian function has the value 3, but which has been
found by experiment (in real 3-dimensional fluids, of
course) to have a value which deviates from the Gaussian
value increasingly rapidly with the order of the deriva-
tive. This eifect is utilized as a test of the inherent
ability of the Wiener-Hermite expansion to bring to real-
1zation the physical properties implicit 1n the Navier-
Stokes or Burgers equations. The various contributions
to the flatness-factor deviation, when computed, do show
a potential capability of providing a theoretical basis for
the effect. (Contractor's abstract)
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Boston U. Dept. of Physics, Mass.

PARAMETER OF DISCONTINUITY AND DIFFEREN-
TIAL-OPERATOR EXPANSION OF THE LINEAR
BOLTZMANN OR MASTER OPERATOR, by A. Siegel
and H, Akama, [1965][19]p. incl. diagrs. refs.
(AFOSR-66-0385) (AF AFOSR-64-557) AD 629805
Unclassified

Also published in Phys. Fluids, v. 8: 1218-1236,
July 19€5,
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Boston U. [Dept. of Physics] Mass.

The ratio of the average microscopic agitation interval
to the macroscopic relaxatjon time is proposed as the
expansioa parameter of linear Boltz:nanr: or master
operators. This parameter is interpretable physically
both as a2 measure of the discontinuity o the zandom
process, and as an inverse measure of the size of the
fluctuating system. In the limit when the e.ansion pa-
rameter is zero, the process becomes continuous and s
described by the Folcker-Planck equation. When the pa-
rameter is noevanishing, the expausion of the master
operator in terms of it is, in three represemtative
cases, a 'CD expansion® in products of creation and
destruction operators for Hermite functions; the domi-
nant term is usually the Fokker-Planck operator.

These resulis are considered in relation to van Kam-
pen's hypothesis for small-parameter expansions of the
same operators. It is found that the CD expansion fits
the availeble model processes exactly, and that these
processes do not satisfy van Kampen's hypothesis. As
& new application, the explicit CD geries is given for
the density fluctvation model, Special cases of the model
nclude the density fluctuations studied by van Kampen
and the Ehrenfest urn model. (Contractor's abstract)

PROPAGATOR EXPANSIONS OF THE LINEAR BOLTZ-
MANN OR MASTER OPERATOR (Abstract), by L.
Kohlberg and A. Siegel. {1965]{1]p. [AF AFOSR-64-
557) Unclassified

[P e SR R

Presented at meeting of the Amer. Phys. Soc.,
Washington, D. C., Apr. 26-28, 1965. 3

Published in Bull. Amer. Phys. Soc., Series II, v. 10:
530, Apr. 26, 1965,

The linear Boltzmann or Master operator can usually
be expanded as the sum of the Fokker-Planck operator—

s
CD, A and the series ()JA)SIL"1 b leS'l"lDl, where )/A)

18 the ratio of the microscopic fluctuation time to the
macroscopic relaxation time and C and D are creation
and destruction operators on the distributed variable y.,
Introducing A = (t/A) = number of collisions and T =
(t/A} = dimensionless relaxation time leads to the fol-
lowing propagator expansion of the linear Boltzmann
operator- P(y, T, N) = exp(-x2/2)/ + 271 exp(~2T)]} 1/
+Z (1/NYM Py, (x) where x = [y~yg exp(-T)]/[1—exp
(=2T]1/2, 1t has been proved that every Py, (x) can be
written in closed form, expressed as a finite sum of
hermite functions of x. The expression for P(y, T, N)
then embodies 2 theorem of central-limit type but for
nonindependent increments, because we observe that
the Gaussian Uhlenbeck-Ornstein function is achieved as
the number of collisions becomes infinite. The result
is a generalization of the additive-process Edgeworth
series to this nonadditive case,




131
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EFFECT Of PHOSPHORYLATED COMPOUNDS AND
INHIBITORS ON CO, FIXATION BY INTACT SPINACH
CHLOROPLASTS, by E. S. Bamberger and M. Gibbs.
[1965] {7]p. (AFOSR-65-2959) (AF 49(638)798)

AD 628270 Unclassified

Also published in Plant Physiol., v. 40: 919-926, Sept.
1565

The effect of some phosphorylated compounds principal-
ly sugar phosphates and the inhibitors, arsenite and
sodoacetamide, upon COy fixation by intact spinach
chloroplasts under anaerobic conditions was studied.,
Ribulose-1, 5-diphospnate, fructose-1, 6-diphosphate,
ribose-5-phosphate, glyceraldehyde-3-phosphate, di-
hydroxyacetone phosphate and glycerate-3-phosphate en-
hance the rate, sedoheptulose-7-phosphate and -1, 7-
diphosphate inhibit, erythrose-4-phosphate, glycolalde-
hyde phosphate, L-a-glycerol phosphate and phos-
phoenolpyruvate have no effect while fructose-6-phos-
phate and glucose-6-phosphate yield inconclusive re-
sults, The phosphorylated compounds affect COg fixa-
tion by filling up the pools of the photosynthetic carbon
cycle depleted during isclation of the chloroplast, Inhi-
bitivn of COy fixaticn by fodoaceramide and arsenite 15
relieved by the corapounds which enhance fixation. Iaght
also rrotects agzinst inhibition of CO? fixation by 1odo-
acetamide and a~senite. (Contractor's abstract)
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Brandeis U. Dept. of Biochemistry, Waltham, Mass.

CREATINE KINASE' EVIPLNCE FOR A DIMERIC

- STRUCTURE, by D. M. Dawson, H. M. Eppenberger,
and N. 9, Kaplan. [1965] [9]p. incl. diagrs, tables,
refs., (AFOSR-66-1128) (Sponsored jointly by Air Force
Office of Scientific Research under AF AFOSR-65-732,
Amcrican Cancer Society, aud National Institutes of
Heaith) AD 641142 Unclassitied

Also published in Biochem. and Biophys. Research
Commun., v. 21: 346-353, Nov. 22, 1965,

The findings presented here indicate that creatine kinase
is an enzyme whose structure is that of a dimer, as sug-
gested by Cppenberger ot al (1964) and Thomson et al
(1964). The muscle erzyme may be composed of two
identical subunits (M-M), the brain enzyme of two wden-
tical bat different subunits (B-B), and the hybrid mole-
cule of two subunits, one of either kind (M-B). The hy-
brid enzyme, wnether 1t occurs naturally or 's formed
in vitro, is intermed.ate 1n kinetic qualities and in elec-
trophoretic mobility between the two parental or un-
mixed forms. Hence, the nature of the multiple forms
of creatine kinase resembles tnat found with the lactic
dehydrogenascs 1n that a hybrid enzyme occurs n Vivu,
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PHOTOINITIATION OF UNIMOLECULAR REACTIONS.
THE PHOTOLYSIS OF 2, 3-DIAZABICYCLO [2.2. 1]
HEPT-2-ENE, by T. F. Thomas and C. Steel. [1965]
[4]p. incl. diagrs. tables, refs. (AFOSR-66-0592)
(AF AFOSR-64-583) AD 632738 Unclassified

Also published in Jour. Amer. Chem, Soc., v. 87.
5290-5293, Dec. 5, 1965.

The gas-phase photolysis of (2, 3-diazabicycio [2.2.1]
hept-2-ene (I} with 337 mp light has been investigated
in the pressure range 10-1000y, The variation in the
yields of hydrocarbon products, bicyclo [2, 1. 0] pentane
(11), cyclonentene (III), and 1, 3-cyclopentadiene (IV),
with pressure is consistent with the mitial formation of
"hot™ I which can either be deactivated or 1somerized
to "hot" MI. The latter can either undergo unimolecu-
lar decomposition to yield IV or be deactivated. Chang-
ing the wave length of irradiation from 313 to 334 my
changed the relative yields of the products in a manner
consistent with this "hot" molecule mechanism. (Con-
tractor's abstract)
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Brandeis U. Dept. of Chemistry, Waltham, Mass.

PHOTOCHEMISTRY OF AZO COMPOUND AND STUD-
1ES IN UNIMOLECULAR REACTIONS, by C. Steel.
Final scientific rept. Jan. 1, 1964-Dec. 31, 1965 [34p.
ncl, diagrs. tables, refs. (AFOSR-66-0930)

(AF AFOSR-64-583) AD 633969 Unclassified

The photochemistry of ecyclic azo compounds has been
investigated. The effects of pressure and of wavelength
on the unimolecular rate constants for the reactions of
the various vibrationally excited molecules formed as a
result of photodissociation have been determined and the
results compared with theoretical models. The effi-
ciencies of various molecules in transferring energy
from the vibrationally excited molecules have also been
studied. Fluorescence emission and excitation spectra
of 2,3-diazobicyclo(2, 2, 1)-2 heptene and 2, 3-diazobi-
cyclo(2, 2, 2)-2 octene are reported and the fluorescence
and decomposition quantum yields given.
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Brandeis U, [Depi. of Physics] Waltham, Mass.

SPATIALLY INHOMOGENEOUS STATES OF MANY-
BODY SYSTEMS, by M. Eger and E. P, Gross. |1965]
[1"]p. (AF AFOSR-63-1176) Urclassified

Published in Jour, Math, Phys., v. 6 891-901, June
9

To treat many-body systems in the p1esence of a static
potentiai or problems of highly cotlective spatially in-
+ ymogeneous motions such as vortea t.nes, wavefunc-

N
tions of a type ¥ = [T, g(X;}®(Xy, . Xy} have been
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proposed. Here @ is the exact ground state of the ho-
mogeneous system and g(x) is a 1-particle state intro-
duced to describe the effect of the spatial inhomogenei-
ty. However, to determine g(x) by the variation princi-
ple, one needs to know the spatial correlatien functions
of all orders for the homogeneous many-body system.

it 1s shown that the method of point transformations al-
lows one to work with qualitatively similar but different
states, The description of the system in the presence
of a static impurity or of a state representing a vortex
line in hquid helum requires a knowledge of only the
average Kinetic energy and x-ray scattering factor for
homogeneous liguid helium. Both of these are available
from experiments. The treatment of a recoiling im-
purity atom, strictly speaking, requires a knowledge of
the current correlation tensor for the ground siate of the
homogenewus many-body system. This term vanishes
1n the Hartree hmit of the theory for bosons. (Contrac-
tor's abstract)
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IGNORABLE COORDINATES AND STEADY MOTION IN
CLASSICAL MECHANICS, by C. W. Kilmister and

F. A. E. Piram. '1965][12]p. (AFOSR-65-0621)

(AF AFOSR-63-368) AD 616200 Uaclassified

Also published n Proc. Cambridge Philos. Soc., v. 61
211-223,71965.

It is shown, for a classical dynamical system with a
Lagrangian that the existence of an ignorable coordinate
1s equivalent to the vanishing of a certain Lie derivative.
On this covariant description 15 based a new definition
of steady motion. A definition given earhier by Synge is
criticized. (Contractor's abstract)
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SPONTANEOUS "YMMETRY BREAKDOWN AND THE
u-e¢-y INTERACTION, by R. Arnowitt and 8. Deser.,
11965] [12]p. 1incl. refs. (AFOSR-65-1787) (Sponsored
jointly by Air Force Office of Scientific Research under
[AF AFOSR-63-368] and National Science Foundation)
AD 625563 Unclassified

Also published in Phys. Rev., v. 138: B712-B"723,
May 10, 1965,

Spontancous breakdowns of symasetries are exammned
for the electromagnetic interactions of the muon-elec-
tron system. Upon ar:anging the 2 fields wito an iso-
topic doublet the Lagrangian 1s seen to possess SU(2)
svmmetry. Three possibilities are available: (a) no
snonaneous breakdown of the SU(Z) symmetry is al-
iowed and the muon-electron system remains a degen-
erate doublet; (b) a partial breakdown occurs in which a
niass sphitting develops but the heavier muon remains
stable, (c) a complete breakdown occurs in which the
muon decays 1nto an electron plus a photon. Using the
high-energy scheme of Baker, Johnson, and Willey,
approximate solutions for the one-fermion Green's

function and vertex function are examined. The 8olu-
tions obtained permit case (b) to occur but not case (¢},
provided improper Lorentz invariance i1s imposed. It is
shown, at least for the one-fermijon Green's function,
that no solutions breaking P, C, or T invariance can
arise.
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MINIMUM SIZE OF DENSE SOURCE DISTRIBUTIONS

IN GENERAL RELATIVITY, by R, Arnowitt, S. Deser,
and C, W. Misner. [1965]{20]p. incl. diagrs. (AFOSR-
66-0437) (Sponsored “mntly by Air Force Office of Sci-
entific Research under AF AFOSR-63-368 and National
Science Foundation) AD 630322 Unclassified

Also published in Ann. Phys., v. 33. 88-107, June 1965,

The properties of very dense sources of the gravita-
tional field are examined. The sources are spherically
symmetr ¢ imtially static distributions of neutral or
charged dust, treated as dynamical systems with no
phenomenological pressure term, The exterior
Schwarzschild solution 1s analyzed from this point of
view as generated by a realistic 'bare' matter stress-
tensor with appropriate initial Cauchy data. A coordi-
nate frame is introduced in which the radial coordinate
cemncides with the invariant distance, and the initial
value equations are solved in this frame. The systems
considered become, in the limit, mcdels for neutral and
charged particles, and so provide solutions for the prob-
lems of interaction between 'point* particles and the
gravitationa] field, It is shown that, at the instant of
time symmetry, there is a minimum invariant extension
for a particle, below which no solution of the field equa-
tions exists; this fact emerges especially clearly in the
mnvariant radial frame used. The clothed (or exterior)
mass and invariant properties of the interacting systems
as a function of the bare mass charge, and exiension are
given. The results are in agreement wiih those obtained
previously in another frame, in teyms of whose radial
coordinate the particle had vanishing extension in the

limit. (Contractor's abstract)
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SOME PROPERTIES OF THE QUANTUM LINEARIZED
EIVSTEIN FIELD, by S. Deser, J. Trubatch, and 8.
Trubatch. [1965]{7]p. (AFOSR-66-0431) (AF AFOSR-
65-368) AD 630210 Unclassified

Also published 1n Nuovo Cimento, Series X, v. 39:
{159-1165, Oct. 16, 1965.

Some aspects of the quantized linear approximation to
Emnstein theory are examined, in view of their rele-
vance to the full theory's quantization. In contrast to
the otherwise similar Maxwell field case, 1t is seen

that the Lorentz-invariance requirements on the time-
translation and Lorentz-rotation generators PO, Jol are
not expressible 1n terms of simpie local commutation re-
lations for the energy density with itself. This s in
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agreement with the expectation that such local relations
apply only to fields of spin one or lower. It 1s also shown
wiat the physical requirement -P,Pu-0is fulfalied in the
linearized theory.

description and a simple verification, This description
makes manifest the conformal nva 1ance of Fermi
transport of directions, (Contractor's abstract)
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Brigham Young U. Dept. of Physics, Provo, Utah.

CRITIQUE OF A NEW THEORY OF GRAVITATION, by
S. Deser and F, A. E. Pirani. [1965]{13}p. incl. refs.
(AFOSR-66-0448) (In cooperation with Northeastern U.)
(AF AFOSR-65-368) AD 630311 Unclassified

Also published in Proc. Roy. Soc. (London), v. 288A-
133-145, Oct. 1965.

Hoyle and Narlikar have developed a new theory of
gravitition, for which they claim that it is a direct inter-
particle action theory, that it 'is equivalent to that of
Einstein in the c¢'escription of macroscopic phenonena,
and hence the siuation 1s the same so far as the classi-
cal tests of general relativity are concerned', that the
sign of the gravitational constant is correctly deter-
mined, and that it has other ads intages over Einstemn's
theory such as implying the absence of solutions repre-
senting an empty universe. In the present paper, it 1s
shown that these claims are largely unsubstantiated,
(Contractor's abstract)
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PROBLEMS AND PROSPECTS IN QUANTIZATION OF

RELATIVITY, by S. Deser. [1965] [6]p. incl. refs.

(AFOSR-66-0802) (AF AFOSR-65-368) AD 641066
Unclassified

Also published in Proc. Nat'l, Committee for the Cele-
bration of the Fourth Centenary of the Birth of Gatileo
Galiioi, 1965,

Some current spects of the quantization problem in
general re'- together with closely related classi-
cal questi. discussed. The viewpoint 1s that of
Lorentz covariant quantum field theory, as employed in
the joint work with R, Arnowitt and C. W, Msner.
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Brandeis U. Dept. of Physics, Waltham, Mass.

A NOTFE ON BOUNCING PHOTONS, by F. A. Pirani.
[1965] [4]p. incl. diagr. (AFOSR-66-1313) (AF AFOSR-
65-368) AD 641065 Unclassified

Also published 1n Bull. Acad Polon. Sci. Ser. Sci.
Math, Astronom, et Phys., v, 13. 239-242, 19G3.

J. L. Syng~ proposed a method of characterizing Fernn
transport by a simple thought experiment with photons.
However, his verification of the characterization 1s
rather long and complicated. The purpose o this note 1s
to give Synge's experiment an intrinsic geometrical

>32 <

DIFFUSION IN METALS AT ULTRA-HIGH PRESSURES,
by D. L. Decker and H. B. Vanfleet. Final rept Mar.
1, 1965, 56p, incl. 1llus. diagrs. tables, refs.
(AFOSR-65-0580} (AF AFOSR-63-201) AD 614839
Unclassified

Silver wires 3 mm 1n diam have been quenched from
temperatures between 500 and 1000 C to room tempera-
tures for pressures up to 30 kbar., Upon quenching, an
mcrease 1n room iemperature resistance was measured,
but 90': of this increase was permanent and remained
even after high temperature anneals. The diffusion of
silver into lead has been investigated using radioactive
tracer techniques in a temperature range within 200 C
of the melting pomt of lead for 6 pressures between zero
and 40 kbar, The activation energy was found to in-
crease from 15.2to 21 9 2. 3 keal mol as the pressure
increased from atmospheric to 39, 2 kbar. The activa-
tion volume for pressures below 11,9 kbar ranged from
.54+ ,06 to .48 + . 0> atomic volumes as the tempera-
ture decreased from 769 to 556 K. Above 11.9 kbar the
activation volume was nearly constant at 38 £ .03
atomic volumes over the same temperature interval.

As a result of the large decrease 11 the activation vol-
ume that occurs between zero and 11,9 kbar 1t 1s sug-
gested that the diffusion process for silver into lead
ch.nges from a composite of interstitial plus vacanry
toan mterstitial mechanism. Therefore the measured
activation volume of , 38 % . 03 atomic volumes as meas-
ured for pressure above 11,9 kbar 1s AV__ the activation

volume of motion which characterizes the interstitial
mechanism, (Contractor's abstract)
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MELTING AND HIGH-TEMPERATURE ELECTRICAL
RESISTANCE OF GOLD UNDER PRESSURE, by D. L.
Decker and H. B. Vanfleet, [1965][5)p. mcl. ciagrs.
table, refs. (AFOSR-65-1373) (AF AFOSR-63-201)

AD 622632 Unclassified

Also published in Phys. Rev., v. 138: A128-A133, Apr.
5, 1965

The clectrical resistance of gold was measured over the
temperaturc range 30 C to the melting point and over a
pressure range 0-70 kbar. At constant pressure, a
sudden twofold mcrease in resistance sharply indicated
the melting point and was used to determine the solid-
liquid phase line to 70 kbar. The exrerimental melting
curve has an initial slope, 5.91 C.kbar, m very good
agreement with Clapeyron's equation, and has a form
satisfying a Simon's equation with a coefficient ¢

2.2 £ 0.1, The electrical resistance data show a
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decrease in the temperature coefficient of resistivity at
higher pressures, while the resistance at the melting
point appears to be a constant independent of pressure,
(Contractor's abstract)
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EQUATION OF STATE OF NaCl AND ITS USE AS A
PRESSURE GAUGE IN HIGH-PRESSURE RESEARCH,
by D, L. Decker, [1965][[5]1). incl. diagrs. tables,
refs, (AFOSR-65-1374) {AF AFOSR-63-201]

AD 621257 Unclassified

Also published in Jour. Appl. Phys., v. 36: 157-161,
Jan. 1965,

The pressure as a function of lattice parameter and tem-
perature has been calculated for NaCl over a pressure
range of 0 to 500 kbar for temperatures between 0 and
1500°C. The calculation used the Mie-Gruneisen equa-
tion of state with Born-Mayer type repulsion terms be-
tween first and second nearest neighbors, The Grunei-
sen constant was expanded about its value at room tem-
perature and atmospheric pressure; the first coefficient
1n the expansion being evaluated by forcing the calculated
thermal expansion at atmospheric pressure to fjt the ex-
perimental results of Enck. The 2 empirical parameters
1n the repulsion terms were evaluated using the experi-
mental lattice parameter and isothermal compressibility
at atmospher:c pressure. The calculated pressure vs
volume agrees with Bridgman's room-temperature
measurements in NaCl below 100 kbar to within 3% and
with high-pressure high-temperature shock data to bet-
ter than 2%, 1t is proposed to use the numerical re-
sults to calibrate the pressure in high-pressure high-
temperature apparatus, (Contractor's abstract)
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EFFECT OF PRESSURE ON THE INTERMETALLIC
DIFFUSION OF SILVER IN LEAD, by H. R, Curtin,
D. L. Decker, and H. B. Vanfleet. {1965][6]p. incl.
diagrs, tables, refs. (AFOSR-65-2588) (AF AFOSR-
63-201) AD 627751 Unclassified

Also published in Phys. Rev., v. 139: a1552-A1557,
Aug. 30, 1985,

The diffusion of silver-110 into l2ad has been investi-
gated using radicactive-tracer techniques in a tempera-
ture range within 200°C of the melting point of lead for
6 pressures between 0 and 40 kbar, The activation en-
ergy was found to increase from 15.2 t0 21.9 + 0.3
kcal/mo! as the pressure increased from atmospheric
to 39. 2 kbar., The activation volume for pressures be-
low 11,9 kbar ranged from 0. 54 + 0,06 to 0.48 & 0. 05
atomic volumes as the temperature decreased from

769 to 556°K. Above 11, 9 kbar the activation volume
was nearly constant at 0, 38 + 0. 03 atomic volumes over
the same temperature interval., As a result of the large
decrease in the activation volume that occurs between
0and 11, 9 kbar it is suggested that the diffusion process
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for silver into lead changes from a composite of inter-
stitial plus vacancy to an interstitial mechanism. There-
fore the activation volume of 0. 38 + 0. 03 atomic vol-
umes as measured for pressures above 11. 9 kbar rep-
resents the activation volume of motion AVy, charac-

terizing the interstitial mechanism. Within the accura-
cy of the experimental data for InD vs T, /T the re-

sults suggest that AH(P)/T,(P) is independent of pres-
sure to 40 kbar.,

147

British Columbia U, Dept. of Chemistry, Vancouver

(Canada).

THE RED EMISSION BANDS OF MOLECULAR OXYGEN,
by J. S. Arnold, R. J. Browne, and E, A. Ogryzlo.
[1965] [T)p. incl. diagrs. table, refs. (AFOSR-66-
1019) (Sponsored jointly by Air Force Office of Scien~
tific Research under AF AFOSR-63-158, and Defence
Research Board of Canada) AD 631814 Unclassified

Also published in Photochem. and Photobiol., v. 4:
963-969, 1965,

The temperature dependence and the absolute emission
intensity of the 6340 A band of molecular oxygen have
been measured. The results indicate that the emitting
pair of molecules is not bound and possesses a radia-
tive half life of about 256 msec. The implication of these
results on some chemiluminescent reactions are dis-
cussed.
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(Canada),

THE YIELD OF SINGLET OXYGEN IN THE REACTION
OF CHLORINE WITH HYDROGEN PEROXIDE, by R. J.
Browne and E. A. Ogryzlo. [1965][2]p. (Sponsored
jointly by Air Force Office of Scientific Research under
AF AFOSR-65-158, and Defence Research Board of
Canada) AD 632910 Unclassified

Also published in Canad. Jour. Chem., v. 43: 2015-
?916, Oct. 1565,

In these gas phase studies it was shown that the visible
emission at 6 340 A arises from a simultaneous elec-
tronwe transition in 2 colliding Oy (1A,) molecules and
that the emission intensity in this banﬁ is proportional
to the square of the O (1Ag) concentration. Using an
1/4. 5 Hilger-Watts glass-prism spectrometer with 2
slit of 500 u combined with an RCA 7102 photomultiplier
the following results were obtained when Oy (1) was
measured in the products of an electrical discharge:
[0 (185)] = 1.5 x 10-5 mol/1; R = 36; k = 2. 4 x 10°
1/mol. | When the emission from the chlorine-hydrogen
peroxide reaction was observed with the same optical
system, the mazumum ratio R measured was 1.8 x 103.,
The concentration of Og (1) is 7.5 x 10°4 mal/1.
Assuming that the bubble temperature is 300°K this
corresponds to a partial pressure of 14 mm Hg. Since
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the total oxygen pressure in the bubbles is about 750
mm Hg, this corresponds to a minimum yield of 2%
09 (lAg) in the reaction, There are a number of rea-
sons (or believing that the yield of Oy (14,) is actually
greater than this.
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{British Columbia U. Dept. of Mathematics, Vancouver
(Canada}]

SOME INEQUALITIES FOR SYMMETRIC MEANS, by
P. S. Bullen. [1965]{81p. (AFOSR-65-2606)
[AF AFOSR-62-261] AD 629135 Un: lassified

Also published 1n Pacific Jour. Math., v. 15 47-54,
Mar, 1965

Let @) =@y, --, apy), (W) = (wy,..., wy)be m-tuples
of pesitive numbers, Eg = 1, E, = E (a) the rth elemen-

. Z(my-1
tary symmetric function of {(a), Pr = (r) Er’ m

[respectively, G ]the arithmetic [geometric] mean of

(a) with weights (W), Wy, = wy*e o+ wp,, (wa) = (wiay,...

coe ,wmam), F.@)=E.(wa) E.(W), m =n+q, Let
(@) =(ag---, ap), (@) =fagyy +++, ay), B, = E.@) and

~

E, etc., be analogously defined. Results of the author

and M. Marcus (Proc. Amer. Math, Soc., v, 12, 285-
290, 1961) and others are generalized as follows.
Theorem 2: Let 1 sr sk * m, u = max(r-n, 0), v=
min(r, q), w = max{(k-n, 0), x = min(k, q), v < w. Then

/ k-x)/(r-u)Pw,/v
prk/r pr-u) (r-u) w/
(1) of r=u % k-x, 5 z —
‘ k ‘Fk_wa
with equality ifand enly if r =k or ay =-..=a,, -orr =1,

k = m and '1'7'1 =B, (2) Prk/"/Pk z va/vi"w with equal-

ity if and only if r =koral =tr= 08 r = Lk=m
anday=-.=a,=P;}. Theorem % Wp (A, ~Gp) 2

Wn(x n-—Gn) + Wq(Aq-—qu with equality 1f and only if

Y N Wo S W,
Gy = Gq A (Am/cm)"Vm =& /G) "(Aq/Gq) q with

equality if and only if "Zn = Xq‘r. Theorem 8. If (a),
(w) are similarly ordered, (1) s <t implies Fst x Fts
with equality of and only if ay =ev=mp ors =0, (2)
an analogue of Theorem 2 holds with P replaced by F.
The following analogue of inequahties for Kn—’dn is ob-
tained and a generalization of Hilder's inequality de-

rived: Let Wn =1, Ry =Kn/Gn, w = min(w), W = max(w),

n
= 1/2, -1/2 ., -1 1/2 -
L o= 1,j[=]1 (va, "/ “a, /2, :ay /231 )y Ay =

il (ﬁail’/zal'l/zﬁal'1/2a11/2)wiwj., Then L
i, j=1

British Columbia U, [Dept., of Mathemat;cs] Vancouver
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equalities 1if and only if ag = (Math. Rev.
abstract, modified)
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A GENERAL PERRON INTEGRAL, by P. S. Bullen.
1965] [14)p. ncl. refs. (AFOSR-65-2607)
AF AFOSR-62-261] AD 629134 Unclassified

Also published in Canad. Jour. Math,, v. 17: 17-30,
1965.

Integrals are considered irom the point of view of in-
verting differential operators. For this purpose it is
necessary to introduce integrals more general than the
Lebesque integral. For the second section of the arti-
cle a generalized second order derivative is introduced
and it is used to obtain conditions for a function to be
hyperharmonic. Later in the article the general Perron
integral that inverts the derivative in question is de-
fined. In the final section examples are given of the
above theory.,
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(Canada),

DOMAIN PERTURBATIONS OF THE BIHARMONIC
OPERATOR, by C. A. Swanson. {1965][11]p. (AFOSR-
66-0030) (AF AFOSR-63-379) AD 641528

Unclassified

Also published 1n Canad. Jour. Math., v. 17: 1053-
63, 1965,

The purpose of the work 1s to obtain asymptotic varia-

tional formulae for eigenvalues and eigenfunctions under

the deformation of removing an E-disk and adjoining ad-

ditional boundary conditions on the new boundary compo-

nent thereby introduced, valid on a positive interval ]

0<E<E0.
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COMPARISON THEOREMS FOR ELLIPTIC DIFFEREN-
TIAL EQUATIONS, by C. [W.] Clark and C. A. Swanson.
[1965] [5]p. (AFOSR-66-0210) (AF AFOSR-63-379)

AD 641529 Unclassified

Also published 1n Proc. An«eer, Math, Soc., v. 16:
-890, Oct, 1965.

in recent years the classical Sturm-Picone comparison
theorem for a pair of serond order ordinary differential
equations has been generalized 1n 2 directions. First,

Hartman and Wintner have extended the theorem to
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self-adjoint elliptic equations in n dimensions. On the
other hand, Leghton has shown in the case n = 1 that the
usual pointwise inequalities for the coefficients can be
replaced by a more general inequality. The purpose of
this note is to extend Leighton's result to self-adjoint
elliptic equations. The Hartman-Wintnier result is a
corollary of the main theorem. An example 15 given to
show that the result is actually stronger. An interesting
feature 15 the simplicity of the proof as compared to that
of Hartman and Wintner or the recent proof of Kreith,

principle for determimistic systems, is obtained for the
stochastic system dx(w,t) = f(x(w,t), u(w,t)) + dz(w,t),
where u(-, ) 18 the control, and z(-,-) is a stochastic
process. It is required that E{c(x(w, T))) be minimized
subject to the constraint that E(x(w, T)) is in a closed
convex set, the cantrol u(-, - ) depending on the ob-
served data concerning the values z(w,t) and x{w, t}.
(Math. Rev. abstract)
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(Canada).

THE GENERAL PROBLEM OF THE MOTION OF
COUPLED RIGID BODIES ABOUT A FIXED POINT, by
E. Leimams. VOL. 7.SPRINGER TRACTS IN NATU-
RAL PHILOSOPHY, ed. by C, Truesdell, L. Collatz

and others, Berhn, Springer-Verlag, 1965, 337p, mecl.

diagrs. tables, refs. (AFOSR-66-0261) (AF AFOSR-
64-483) Unclassified

This attempt to account for the present state of the field
and its growth during the last two hundred years of the
theory of motion of several coupled rigid bodies ahout a
fixed pont is concerned first with particular cases of
mtegrability of the equations of motion and with thewr
geometrical interpretation. Next the mot:on of a sym-

metric as well as an asymmetric self-excited rigid boay

15 considered because of 1ts importance in various de-
vices with internal reaction commonly used today to in-
fluence rotational motions; for example, devices for the

steering of space vehicles, Finally consideration 1s given

to the motion of am externally excited rigid body, espe-
cially a rigid body subject to periodic torque vectors
which are of interest 1n astronomy and atomic physics.

In the former the main concern is the perturbation of the

Earth's rotation about 1ts axis under the mfluence of
forces arising from the planelary system, In atomic
physics electrons and nucler in high frequency magnetic
fields represent atomic gyroscopes subject to periodic

torques. Later chapters survey the problems, the sepa-

ration of the general motion of mutually attracting rigid
bodies into translations of their mass centers and rota-
tions about the iatter, rotation of an artificial satellite

about its mass center and the motion of a rigid body about

a fixed point in a central Newtonian force field.

154

[Brown U. P, of Applied Mathematics, Providence, R. 1]

ON THE STOCHASTIC MAXIMUM PRINCIPLE WITH
"AVERAGE" CONSTRAINTS, by H. J. Kushner. [1965]
|14p. incl. diagrs. (AFOSR-66-0559) (Sponsored
wintly by Air Force Office of Scientific Research under
AF 49(636)1206 and National Aeronautics aud Space
Administration) AD 639019 Unclassified

Also published in Jour, Math, Anal. and Appl., v 12
13-26, Aug. 1965,

Under certaims assumptions a necessary condition, a
stochastic form of the Euler equations, or the maximum
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DUAL DYNAMICAL SYSTEMS AND THEIR REPRESEN-
TATION BY SYSTEM FUNCTIONS, by L. Weiss, [1965]
[11]p. (AFOSR-65-2127) (AF AFOSR-64-693)

AD 628704 Unclassified

Presented at Second Allerton Conf. on Circuit and
System Theory, Illinois U., Urbana, Sept, 1964,

Also published in Internat'l. Jour. Control, v. 1: 475-
485, May 1965.

Tae system function concept is an extension of the usual
application of the transform method to linear systems.
In this paper it is shown that there are 2 system func-
tions which can be naturally associated with a given sys-
tem and that each one can be interpreted in 2 ways.
These alternate interpretations are used to show that the
same system function provides a means for calculating
the time-domain output of a given system and the trans-
form-domain output of the dual system (defined as the
adjoint of the given system with reversal of the time
scale ordering). (Contractor's abstract)
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Brown U. Div. of Apphed Mathematics, Providence, R, I.

SOME. PROBLEMS AND SOME RECENT RESULTS IN
STOCHASTIC CONTROL, by H. J, Kushner. [1965]
{9p. incl. refs. (AFOSR-65-2128} (Sponsored jointly
by Air Force Office of Scientific Research under

AF AFOSR-64-693 and National aeronautics and Space
Administration) AD 628700 Unclassified

Also published 1n IEEE Internat'l. Convention Record,
v., 16.7T08-T16,71965.

This paper 1s divided into 2 major sections. The first
section is of the nature of both a review of work in sto-
chastic optimal control in the past 2 yr, and a brief
discussion of a few of the important remaining prob-
lems. There are some remarks on noise sources and
their mathematical description, a discussion of the
partial differential equation obtained by the application
of dynamic programming to a class of continuous time
models and a list of references to a few other problems
and approaches. The second section is more specific
and discusses the application of some recent results of
the author (in the theory of stochastic stability) to the
design of controllers for linear and non-linear stochastic
systems. The latter material giving techniques for ob-~
taimng optimal controls to a number of stochastic prob-
lems, rounds out the first part, and is of interest since,
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via some perhaps small (if any) changes in problem
statements a number of solutions can be obtained. In
fact there are stochastic analogies to almost all of the
suggested applications of Liapunov theory to the choice
of feedback controls in deterministic systems. (Con-
tractor's abstract)
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ON THE STABILITY OF SYSTEMS DEFINED OVER A
FINITE TIME INTERVAL, by L. Weiss and E. F.
Infante. {1965] [S]p. (AFOSR-65-2129) (Sponsored
jointly by Air Force Office of Scientific Research under
AF AFOSR-64-693 and National Aeronautics and Space
Administration) AD 628699 Unclassified

Also E.!'blished in Proc. Nat'l. Acad. Sci., v. 54: 44-48,
July .

Consider the system of n first-order real differential
equations represented in vector form by dx/dt = £ (x,t)
defined over a finite interval of time. The function f 15
assumed to be smooth enough in x and t (over T) to as-
sure existence and uniqueness of solutions over T as
well as the continuous dependence of the solutions on ini-
tial conditions at t;,, It is not required that £(0,t) = G
The purpose of this note is to present some results
toward the establishment of a comprehensive gualitative
theory of stability for such systems.

158

Brown U. [Div. of Applied Mathematics] Providence, R. 1.

ON SYSTEM FUNCTIONS WITH THE PROPERTY OF
SEPARABILITY, by L. Weiss. [1965} [10]p. mncl.

diagrs. refs. (AFOSR-65-2130) (AF AFOSR-64-693)
AD 628696 Unclassified

Presented at Second Allerton Conf. on Circuit and Sys-
tem Theory, Illlinois U., Urbana, Sept. 1964.

Also published 1n Internat'l, Jour. Control, v. 1,
437-496, May 1965,

This paper considers linear differential (time-varying)
systems w' ' ** may be described by either of 2 system
functions based on a specified integral transform. In
particular, those systems are discussed fcr which at
least one of the aforementioned system functions is
separable in its 2 arguments. Physical interpretations
of separable system functions are given and 2 theorems
are proved which yield sufficient conditions for the
presence of this property. It is also proved that the so-
called 'bi-frequency’ function of Zadeh must be separa-
ble for linear differential systems. Finally, the p=oh-
lem of approximately representing a given system by a
separable system function based on the Laplace trans-
form is discussed. (Contractor's abstract)
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(Brown U. Div. of Applied Mathematics, Providence, R.L )

STOCHASTIC STABILITY AND THE DESIGN OF FEED-
BACK CONTROLS, by H, Kushner. May 1965, 34p.
{Technical rept. no. 65-5) (AFOSR-65-2317) (Spon-
sored jointly by Air Force Office of Scientific Research
under AF AFOSR-64-693 and National Aeronautics and
Space Administration) AD 628274 Unclassified

The paper describes the stochastic extensions of the
various techniques for using the second method of

Lyapuriov to aid the construction and analysis of feed-
back control.
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Brown U. [Div. of Applied Mathematics] Providence, R. I

PLANAR GRAPHS AND RELATED TOPICS, by 5.
Lefschetz. [1965][3]p. (AFOSR-66-0386) (In coopera-
tion with Princeton U., N. J.) (AF AFOSR-64-693)
AD 633535 Unclassified

Also publhished in Proc. Nat'l. Acad. Sci., v. 54; 1763-
1765, Dec. 1965,

The paper gives a short and accessible proof of
MacLane's formulation of necessary and sufficient con-

ditions for a graph to be topologically imbeddable in the
plane. (Math. Rev. abstiact)
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Brown U, [Div. of Applied Mathematics] Providence, R. L.

ON THE CONSTRUCTION OF STOCHASTIC LIAPUNOV
FUNCTIONS, by H. J. Kushner. [1965][2]p. incl. refs.
(AFOSR-66-0387) (AF AFOSR-64-693) AD 641078

Unclassified

Also published in IEEE Trans. Automatic Control, v.
10; 477-478, Oct., 1965,

The object of this correspondence is to present the sto-
chastic analog of the deterministic method of partial
integration for computing Liapunov functions and to give
some examples. In the determanistic method, a suita-
ble negative definite or semidefinite function V(x) =
dV(x)/dt 1s chosen. There is an attempt to compute
V(x) via a sequence of partial integrations, and use of
the system equations. Finally, the computed V(x) 1s
checked for positive defimteness in a suitable region.
The method is interesting since VIx) is easier to choose
than V(x). Concepts of stochastic stability are discussed
only indirectly The system under investigation is rep-
resented by the stochastic vector differential equation
dx = f(x)dt + o(x)dz. fand o are a vector and matrix
respectively with components f;, o), each of which sat-
isfies a local Lipshitz condition.

LTt A




AIR FORCE SCIENTIFIC RESEARCH

162

Brown U. Div. of Applied Mathematics, Providence, R. L

SUFFICIENT CONDITIONS FOR STABILITY AND IN-
STABILITY OF AUTONOMOUS FUNCTIONAL-DIFFER-
ENTIAL EQUATIONS, by J. K. Hale. [1965]131)p. incl.
diagrs. refs. (AFOSR-66-0560) (Sponsored jointly by
Air Force Office of Scientific Research under AF AFOSR-
64-833, Army Research Office (Durham), and National
Aeronautics and Space Administration) AD 620446
Unclassified

Also lished in Jour., Diffe ‘tia) Equations, v, 1:
452482, O, 1965,

The author proves several sufficient conditions for sta-
bility and instability of autonomous functional differen-
tial equations of the form (1) k(1) = {(x;), t = 0, where
f(®) 15 a function on Cyy, the openball & ¢ < Hj inthe
space C[—r, 0], and applies these to several interesting
examples. The theorems depend on concepts of invari-
ant set and Liapunov functional, and in part represent
generalizations of similar theorems for ordinary differ-
ential equations given by LaSalle (Proc. Nat'l. Acad.
Sci., v. 46: 363-365, 1960). With a suitable defnition
of "dersvative” ¥ (1)(4‘?) for a functional V, the first

thecrem has the following form. Theorem 1: Let V be
a continuous scalar function on Cy. Let U) designate the

region where V(%) < 1 and suppose there exists a non-
negative constant X such that {¢(0)| = K, V(¢)z 0, and
V(”(é) s 0forall ®n U}, I R is the set of all points in
U; where \"“)(d’) = 0and M is the largest imvariant set in
R, then every solution of (1) with initial values in Ul ap-

proaches Mast ~ = A large part of the paper is devoted
to a detailed stability analysis of 8 examples, with the
aid of suitable Liapunov functionals and the theorems of
the paper. In the first example, extensions of results
of Levin and Nohel (Jour. Math. Anzl. Appl., v. 8; 31-
44, 1264) are obtained. Among the other examples are
a system of equations used by Volterra (Lecons sur la
théorie mathématique de la Jutte pour Ia vie, Gauthier-
Villars, Paris, 1931) as a model for the interaction of
2 species and a Rayleigh equation with retardation. In
the last section of the paper, it is indicated how the sta-
bility thecorems may be extended to the case of infinite
lag. (Math. Rev, abstract)
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Brown U., Div. of Applied Mathematics, Providence, R. I

LIAPUNOV FUNCTIONS FOR THE PROBLEM OF
LUR'E, by K. R. Meyer. [1265][3]p. (Sponsored
jointly by Air Force Office of Scientific Research under
AF AFOSR-64-693, Army Research Office, Durham,
and National Aeronautics and Space Administration)
Urclassified

Published 1n Proc. Nat'l. Acad. Sci., v. 53: 501-503,
Mar. 1965.”

Consider the differential equation (') dx dt = Ax - $(o)b,
o = ¢'X, wheret is a real varjable, x, b and c are

>3 «

real n-vectors, c' is the transrose of c, A is a real n-
by-n matrix and ¢(0) is a real continuous scalar func-
tion of 0 such that o®(o) > 0 for o # 0 and such that

through each point x® € EP there passes a unique tra-

jectory of (*). Define P(z) = (o + pz)c'(Iz—A)-1b, a func-

tion of the complex variable z, with a0, S50, o +

2 > 0and I, the identity n-by-n matrix. A criterion for
the asymptotic stability of (') in terms of P(z), well
kirown as “"Popov's criterion”, is satisfied if (") has a
Liapunov function of the form V = x'Bx + 8 fo" &(r)dr,

B a symmetric matrix. Yalubovich and Kalman tried
to change into "if and only if" the "if" in the preceding
statement, but they succeeded only under additional
assumptions. This note is to announce that the con-

verse holds true without the above restrictions. Further

results are also announced. (Math. Rev. abstract)
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Brown U. [Div. of Applied Mathematics] Providence, R. 1.

ON THE STABILITY OF STOCHASTIC DYNAMICAL S§YS-

TEMS, by H. J. Kushner. [1965]([5]p. (AF ATFOSR-64-
693) Unclassified

Published in Proc. Nat'l, Acad. Sci., v. 53: 9-12,
Jan.

Theorems p. taining to the stability of the stochastic
discrete-time system x; 1 = f(x;, yn), 1(0,y) = 0, where
¥p i8 a Markov process, are given using Liapunov func-

tions, The various definitions of stability are too long
for complete reproduction here. The following is a
sample: "The origin is stable with probability one if and
only if for any o >0, € >0, there is a 6(o, © > 0 such that
if xg. 3 6(0,¢), P[supn X, Ee]= " By requiring the
stochastic Liapunov function V(xn, yn) to have the super-

martingale property in a neighborhood, some useful
estimates as well as stability theorems are derived.
(Math, Rev. abstract)
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Brown U. Div. of Applied Mathematics, Providence, R. I.

THE STABILITY OF NONLINEAR DYNAMICAL SYS-
TEMS, by J. P. La Salle. [1965] [10]p. incl. refs.
[AF AFOSR-64-693) Unclassified

Published in Science in the Sixtic3; Tenth Anniversary
AFOSR Scientific Seminar, Clouderoft, N. Mex. (June
1965), ed. by D. L. Arm, Albuquerque, Mexico U,
Office of Publications, 1965, p, 124-133, (AFOSR-68-
2384; AD 678056)

After an introduction dealing with the history of linear
stability analysis and its use in the design of control
devices, Liapunov's nonlinear analysis of stability and
the theory of optimal control is discussed. The Liapu-
nov method is the on.y general method available today
for analyzing stability and taking into account the non-
linearities of the system, the best that has been
accomplished is the solution of a fairly large number of
specialized problems. It is not yet known how to use
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computers as an aid in applying Liapurov's method. The
significant stability problems require methods that are
nonnumerical and the nonmumerical use of computers is
not yet highly developed. The Liapunov theory of stabil-
ity for autonomous systems has been unified and extended
and appears to be fairly complete. Further develop-
ments of theory for nomautonomous systems seem possi-
ble. For the study of the stability of nonautonomous lin-
ear sysiens, new methods have been found but there are
no new ideas in sight other thanr those generated by
Liapunov's method for carrying out nonlinear stability
amalyses. The study of more "practical’ types ¢ sta-
bility is promising. Two relatively new areas of mathe-
matical research are the theory of functional differential
equations and the theory of stochastic differential equa-
tions. Developments in these areas could have a pro-
found effect on the theory of control systems and the
theory of systems in general.

Brussels U, (Belgium). see
Free U, of Brussels (Belgium).
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[Buenos Aires U. ] Inst, de Anatomia General y Embriologia

{Argentina).

ULTRASTRUCTURE AND PHARMACOLOGICAL STUD-
IES OF NERVE ENDINGS IN THE PINEAL ORGAN, by
A, Pellegrino de Iraldi, L. M. Zieher, and E. de
Robertis. [1965] [34]p. incl. illus. diagrs. tables, refs.
{AFOSR-65-2836) (8ponsored jointly by Air Force Office
of Scientific Research under AF AFOSR-63-314 and
Consejo Nacional de Investigaciones Cientificas y Tech-
nicas) AD 628435 Unclassified

Also published in Prog. Brain Research, v. 10: 389-

The work was initiated to investigate the origin of the
nerve fibers innervating the pineal gland and particular-
ly the nature of the granular vesicles present in these
nerve endings. For this purpose 2 principal approaches
were used: Some rats were submitted to the bilateral ex-
tirpation of the superior cervical ganglia, and others
were submitted to the action of drugs that may alter the
metabolism of catechol and indolamines. In both cases
the glands were fixed and studied under the electron
microscope, and the changes occurring in the nerve fi~
bers and endings were specially recorded. Preliminary
determinations of 5-HT content were also carried out 1n
normal and denervated glands and in some of the rats
treated with some of the agents that may change i this
indolamine. (Contractor's abstract)
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Buenos Aires U, Inst. de Anatomia General y Embriologia
(Argentina).

FUNCTIONAL IMPLICATIONS OF STRUCTURAL FIND-
INGS IN RETINAL GLIAL CELLS, by A, Lasansky.
[1965] (25]p. incl. illus. diagr. refs., (AFOSR-65-1941)
(Sponsored jointly by Air Force Office of Scientific Re-
search under AF AFOSR-64-656 and Conse)o Nacional de
Investigaciones Cientificas y Tecnicas) Unclassified

>38 ¢

Also published in Prog. Brain Research, v. 15: 48-72,

When the outer surface of the retina is placed in a solu-
tion containing ferrocyanide and after ferric ions ace
added, it is possible to detect with the optic mic "oscope
within the retina Prussian blue deposits. Whes retinae
are examined with the electron microscope it is found
that the terminal bars attaching 2 membranes of glial
cells (Muller cells) are similar to those known, but the
terminal bars relating the membranes of visual and
Muller cells present only a zonula adherens. It 1s con-
cluded that the intercellular spaces between visual and
Muller cells are freely open and it seems rather diffi-
cujt that Muller cells may control ihe flow of water,
ions and metabolites through the neural retina.
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[Buenos Awres U.] Inst. de Anatom;a General y Embriologia

{Argentina).

5-HYDROXYTRYPTAMINE RECEPTORS AND SYNAP-
TIC TRANSMISSION IN MOLLUSCAN NEURONS, by
H. M. Gerschenfeld and E. Stefani. [1965][6]p. incl.
illus. diagrs. refs. (AFOSR-65-1943) (Sponsored joint-
ly by Air Force Office of Scientific Research urder
AF AFOSR-64-656 and Consejo Nacional de Investi-
gaciones Cientificas y tecnicas) AD 623367

Unclassified

Also published 1in Nature, v. 205: 1216-1218, Mar, 20,
1965.

5-HT was 10ntophoretically injected on the somatic mem-~
brane of central neurons of the snail Cryptomphallus
aspersa., Only a limited number of cells called CILDA
ai'e sensitive to 5-HT and show a peculiar mhibitory in-
put called Inhibition of Long Duration. 5-HT microin-
jections depolarize and excite CILDA neurons. Re-
pecated microinjections cause intense desensitization of
5-HT receptors, an interval of 40 sec being necessary
to obtain the same effect 1n 2 successive 1njections.
5-HT receptors may be blocked by LSD 25, BOL 148,
morphine, chorpromazine and atropine. All these
drugs block 5-HT receptors reversibly. Diberamine,
tryptamine and cyproheptadine block the receptor irre-
versibly. SKF trans-385 and 1pronaizaid also block the
receptors. 5-HT reduces the membrane conductance of
CILDA neurons. This effect was not observed in other
types of neurons. Recent findings show that BOL 148
blocks excitatory postsynaptic potential in CILDA neu-
rons., From the present results it may be discussed
that 5-HT may be the natural excitatory transmitter to
CILDA neurons 1n mollusea.

169

{Buenos Aires U.] Inst. de Anatomila General y Embriologia

(Argentina),

|CALCIUM DEPENDENCE OF 5-H[ RECEPTORS OF
CENTRAL NEURONS OF CRYPTOMPHALLUS ASPER-
8A] Ca*t*~Dependencia de los receptores a la 5-mdroxi-
triptamiana {5th) en neuronas centrales de cryptomphal-
lus aspersa (Abstract), by E. Stefani and H, M.




AIR FORCE SCIENTIFIC RESEARCH

Gerschenfeid. [1865] [2fp. (AFOSR-65-1947) 1m
(AF AFOSR-64-656) Unclassified .
[Buenos Aires U.] Inst. de Anatomia General y Embriologia

Also published in Proc. Sciest. Mceting Biologists,
Roeario (Chile), Apr. 12-14, 1965, p. 149-150.

Some central cells (CILDA neurons) present in the
nervous system of Cryplomphallus aspersa have an in-
hibitory input called "inhibition ¢f long duration” and
respond to the 10ntophoretic injection of 5-HT. It is
known that changes in the calcium concentration of the
environment modify the response of the 5-HT receptors.
In multicellular preparations it is difficult to understand
this relationship but combining intracellular recording
with 1ontophoretic microinjections it is possible to ama-~
lyze this problem at a cellslar level. When CILDA neu-
rone are bathed with a Ca-free saliae solution, there is
an increase of 8c in the membrane conductance. In this
ionic condition 5-RT response is transiently blocked.
The same concentratios of Na EDTA but added to a Ca-~
free saline solution blocks completely and i'eversibly the
response to the 5-HT injection. The effects of Na EDTA
on membrane eunductance are unspecific and similar ef-
fects have be.on observed in cholinergic receptors of
smajl neurons.
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[Buenos Aires U, ] Iust. de Anatomia General y Embriologia

(Argentina),

STUDIES ON THE FUNCTION OF THE PIGMENT EPI-
THELIUM IN RELATION TO IONIC MOVEMENT BE-
TWEEN RETINA AND CHORIOID (Abstract), by A.
Lasansky and F, Fisch. [1965][1]p. (AFOSR-65-1949)
(AF AFOSR-64-656) Unclassified

Presented at Symposium on the Structure of the Eye,
Weisbaden (Ger many), 1965.

Electrophysiclogical and pharmacological findings in
mammalian retina suggested the possibility that the pig-
ment epithelium might be the main source of the resting
potential across the eye and the principal diffusion bar-
rier between retina and chorioidal vessels, In order to
nvestigate these points the ionic movements across the
1solated toad pgment ¢, ithelium and chorioid were stud-
1ed in a flux champer, A steady potential of about 20-

30 mv, epithelial side positive and a short circuit current

of approx 40 u amp cm=2 can be recorded for many hours
under these conditions. Determinations of unidirec-
tional radioisotape fluxes in the absence of an electro-
chenmucal giadient evidenced a net transfer of chloride
(.92 ueq em-2 hr'l) from epithelial to choriodal surface
which accounts for a major part of the short circuit cur-
rent (1.44ueq em-2 hr'l). The discrepancy between
short circuit current and net chloride transfer 1s not ex-
puined by the measurements of cation fluxes, since no
nel trausfer of sodium or potassium was found 1n the
short-circuited condition. These findings support the
view that the pigment epithelium has an important role
in influencing the ionic environment within the neural
reting,

> 39 <

{Argentira).

IONIC MECHANISM ASSOCIATED WITH NON-CHOLI-
NERGIC SYNAPTIC INHIBITION IN MOLLUSCAN NEU-
RONS, by H. M. Gerschenfeld and D. J. Chiarandini.
[1985] [14)p. incl. illus. tabies, rofs. (AFOSR-68-
1124) (Sponsored jointly by Air ¥ orce Office of Scien-
tific Research under AF AFOBR -64-6568 and Consejo
Naciona] de Investigaciones Cientificas y Tecnicas,
Argentina) AD 641885 Unclassified

Also %Iished in Jour. Neurophysiol., v. 28: 710-723,
July 1960.

The ionic basis of the non-cholinergic inhibitcry post-
synaptic potential (IPSP) in D neurons with inhibition

(D Inhi) neurons of the snmail Cryptomphalius aspersa
was amlyzed by infracellular recording. R has been
found that the increase in the iniraceilular concentra-
tion of Cl- does not modify either the IPSP or its equi-
librum potential. When the external concentration of K
was zero, an increase in both the IPST's amplitude and
equilibrium potential value was observed. It is con-
cluded that the non-cholinergic IPST's are due to an in-
crease of the subsynmaptic membrane permeability that
allows a selective efflux of K* down its electrochem:cal
gradient. (Contractor's abstract)
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Bureau of Social Science Research, Inc., Washington,

D.C

THE QUEST FOR SELF-CONTROL: CLASSICAL PHI-
LOSOPHIES AND SCIENTIFIC RESEARCH, ed. by S. Z.
Klausner. New York, Free Press, 1965, 400p. incl.
tables, refs. (AFOSR-65-0719) (AF 49(638)992)

AD 621135 Unclassified

Revised drafts zre given of papers presented at a Con-
ference ov Seli-Control under Stressful Conditions, held
in Washington, D. C., on Sept. 10-12, 1962. Titles of
the papers are as follovs. Part One on Self-Control in
the perceptive of histcry' Coslocation of concepts of
gelf-control, Self-im: ges and systems of spiritual direc-
tion 1n the history of Earopean civilization. Self-con-
trol: the Greek paradigm. Part Two on Self-Control in
a sociological perspective. Popular sychology: a con-
tent analysis of contemporary inspi. ational nonreligious
bonks. Social identity and self-control, the routiniza-
tion of lover Structure and process in primary relations.
Part Three on Self-Control in psychological perspec-
tive: Psychodynamic aspects of stress tolerance. Some
psychological determinants of stress behavior. Experi-
mental analysis of stress and individual self-controtl in
animal behavior. Part Four on Self-control in psychi-
atric perspective; Psychological factors maximizing re-
sistance to stress, with special reference to hypnosis.
Behavioral approach to the problem of self-control,
Stress and the concept of selfrealization. Part ifive on
Scientific hermeneutics.
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Bareau of Social Science Research, Inc., Washisgton,

. C.

NECESSARY, PERMISSIBLE, AND UBLIXSATORY DIS-
COURSE WITH CAPTOR PERSONNEIL, oy A. D.
Biderman. May 4, 1965, 10p. (AFOSR-65-0750)

(AF 49(638)992) AD 467873 Unclassified

This report discusses circumstances under which dis-
course cther than mune, rank and serial number be-
tween prisoners o war and captor personnel may be
necessary, pcrmissible, or dbligatory. Several exam-
ples are given in which this has been proven true be-
cause A requirements of isternational law, the mainte-
muce of health, life and welfare of prisaners of war in
an organized camp, for exploiting potential “friendlies”
or defectors, for self-d={ense against faise accusation,
and in various special circumstances of ccld or hot war.
R is concluded that the "name, rank, servic: mumber,
date of birth, only” rule relates to an abstract concep-
tion of interrogation that is only sometimes congruent
with actual confrontations with captor personnei that
are experienced by prisoners of war. The considera-
tions advanced here are independent of the issue of
duress and "loss of seif-control,” except that there are
dangers of confusing ratiomal and moral action with
ratioua)ization of weakness.
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Bureau of Social Science Research, Inc., Washington,

D. C.

SOME NOTES ON THE PRODUCTION OF FSYCHIATRIC
AND PSYCHOLOGICAL KNOWLEDGE, by S. 2.
Klausner. [1965][10)p. incl. tables. (AFOSR-66-1154)
(AF 49(638)992) AD 639868 Unclassified

Also published in Jour. Consulting Psychol., v. 29: 405-
415, g%ﬂ,

The polemic about the relative competencies of psychi-
atrists and psycholog:sts has, by and large, concerned
their clinical roles. Members of these 2 professions
differ in types of knowledge they produce in their re-
search roles for application in clinical situations. A
list of 1,226 concepts was selected from the literature
reporting studies of behavior under stress. Ananalysis
of these research concepts shows that psychiatrists use
concepts of personality almost exclusively when studying
stressful situations, whereas psychologists are more
flexible in combining concepts of personality with those
of society and culture. Differences among members of
these professions in modes of research conceptualization
and in problem selection tend to be more closely related
to such factors as the institutional setting in which they
work, their religicus affiliation, and their self-percep-
tion as "tender" or "tough' minded, than they areto
differences in professional training.

> 40 <
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Buresu of Social Science Research, Inc., Washington,

D. C.

FEAR AND ENTHUSIASM IN SPORT PARACHUTING,

by S. Z. Klausner. May 1965 [33]p. incl. diagrs.

tables. (AFOSR-85-1329) (AF 49(638)992) AD 619389
Unclass.lied

Also published in Motivations in Sports, ed. by R.
Slovenkoand J. A. Knight, Springtield, Charles C.
Thomas, 1965, p. 670-694.

A study is presented on the relation between the experi-
ence of fear and the experience of enthusiasm. Fear is
assessed by & self-report of fear and by an inference
from a projective test about predispositions to fear.
Replies to a mail questionmire by 825 sport para-
chutists affiliated with 103 parachute clubs constitute
the data of this study. Only the jump experience, an
analysis of the stories told about one picture in the
draw-a-person test, and a2 few social characteristics
are reported.
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Bureau of Socizl Science Research, Inc., Washington,

D. C.

CHINESE "THOUGHT REFORM" AS A SOURCE OF
PERSPECTIVES TOWARD WESTERN CORRECTIONAL
PRACTICE, by A. D. Biderinan. May 20, 1965, Tp.
incl. refs. (AFOSR-65-1205) (AF 49(638)1344)

AD 623172 Unclassified

Presented at First Internat’'l, Cong. of Social Psychi-
atry, London (Gt. Brit.), Aug. 17-22, 1964,

Studies of Chinese Communist 'brainwashing' practices
proceeded with little reference to Western literature on
phenology and correction. When serious comparative
consideration of Western and Cinnese reform efforts did
take place, however, the narmative outlook from which
Westerners had viewed Chinese ‘thought reform' gave
uniquely valuable perspectives on Western practices.
Several illustrations are given of how the examination
of deplored reform practices can provide valuable,
chastening insights regarding the meaning and effective-
ness of reform efforts that one values positively, The
sympathetic regard of Western observer s for those they
considered victims of the Chinese practices contrasts
with difficulties practitioners have in identifying with
the subjecte of their own correctional prccedures. The
explicity positive valuation which was placed on the ef-
forts of subjects to resist 'brainwashing' contrasts with
the tendency of practitioners tn regard resistance as
obduracy. The hiterature on 'brainwashing® emphasizes
the malleability of attitudes and behavior as contrasted
with the emphasis on the intractability of inmates or
patients typical of Western correctional literature,
Despite great difference in theories applied by practi-
tioners, similar emotional reactions are experienced by
their subjects. (Contractor's abstract)
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Bureau of Social Science Research, Inc., Washington,
D. C.

THE SOCIAL SCIENCES IN INTERNATIONAL AND
MILITARY POLICY; AN ANALYTIC BIBLIOGRAPHY,
by E. T, Crawford. Oct. 1965 [91K. incl. refs.
(AFOSR-65-1899) {AF 49(638)1344) AD 623841
Unclassified

The bibliography presents selective materials pertaining
to the role of sccial science research in international
and military policy and perations since the beginning of
World War IL.  The bibliography lists 150 references to
books, articles and reports, all of which are part of

the open literature. The references are annotated. The
report also contains an Introduction which discusses the
purpoee of the bibliography, its scope, the sources from
which ‘he works cited are drawn and some limitations of
tne available literature. The bibliography is divided
into 5 parts. Part I lists general works discussing the
role of social science research in public policy. Part I
lists work which show the trends in the relationship of
government and the social science community in the area
of international and military affairs since the beginning
ol World War II. Parts Il and 1V list literature which
suggests some amalytic categories to be used in studying
social science research and international and military
policy. Part V, finally, contains writings which give a
theoretical perspective on the roles of applied social
science. (Contractor's abstract)

178

Bureau of Social Science Research, Inc., Washington,
D. C.

WCRSHIP AND THE DANGEROUS LIFE: A STUDY OF
CHURCH ATTENDANCE AMONG SPORT PARACHUTES,
by S. Z. Klausner. Dec. 1965, 48p. incl. diagrs.
tables, refs. (AFOSR-66-0124) (AF 49(638)1510)

AD 630793 Unclassified

The data for this study were drawn from 825 question-
naires returned by members of American sport para-
chuting clubs. Among Protestant parachutisis, the emo-
tiomally volatile are more frequent church attenders than
the relatively calm. Among Catholics the reverse is
true; the calmer types go 0 church while the more
volatile tead to stay away. Skydivers who avoid think-
ing about their fear of jumping are, especially among
Protestants, more frequent church attenders than those
skydivers who express their fear. Catholics who ex-
press the feeling of free fall in sensory and esthetic
terms are more frequent church attenders than the
Catholics who confront this experience m a simple,
descriptive, matter-of-fact way. Protestants who grasp
the free fall experience in 2 matter-of-fact way were
mare frequent worshippers in their churches than those
Protestants for whom free fall is an esthetic or senscry
experience. Protestants who felt that harm beialling a
skydiver was due to fate-that is, predestined or deter-
mined, ratber than a result of the jumper's irresponsi-
ble behavior, are more frequent church attenders.
Catholics for whom skydiver injury is due to his own
respousibility are more likely than fatalistic Catholics
to be frequent attenders at Mass. (Contractor's
abstract)

i

Bureau of Social S8cience Research, Inc., Washington,
D. C.

PLAN FOR AN ARID ZONE SOCIAL SCIENCE RE-
SEARCH AND INFORMATION CENTER, by L. Krader.
Final rept. Mar. 1965, 11p. (AFOSR-65-0598)

(AF AFOSR-64-494) Unclassified

A plan is preaented for a proposed center of social
science research in the arid zones. Its purposc may be
summarized as follows: (1) It should compiement and
support activities of social scientists already underway,
(2) 1t should focus on complex issues which the individ-
ual social science field worker normally does not under-
take, and (3) It should supply supportive services to all
research, primary service being science information
program.,
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180
California Inst. of Tech., Pasadena.

REPORT ON INSECT VISION, by D. M. Vowels, Final

rept. June 1965 [87]p. incl. diagrs. tables, refs,

(AFOSR-65-1226} (AF AFOSR-83-458) AD 621280
Unciassified

The properties of a model describing optomoatur responses
in the housefly are listed, Some of these theoretical
properties may be found empirically by histological and
electrophysiological techniques. The parameters re-
quired are the interommatidial angle, the diameter of
the receptive field of an ommatidium or retinula cell,
and the relationship between the generator potential and
light intensity. The interommatidial angle was meas-
ured histologically, This is variable over the whole eye,
the most uniform region lying between 20 and 60° in the
horizontal plane (anterior = 0°) and 30° above and 10°
below horizontal in the vertical. The mean interom-
matidial angle in the horizontal plane is 3. 9° and 2.5° in
the vertical. The role of screening pigment is examined.
This is most dense in the upper part of the eye. During
dark adaptation the pigment migrates, moving inwards
away from the lenses and contracting outwards towards
the pseudocone from deeper parts of the retina. This is
discussed in relation to the optical system of the om-
matia, and it is suggested that the pigment migration
will lead to a widening of the receptive field.

181
California Inst. of Tech. Antenna Lab., Pasadena.

ANTENNA RADIATION IN A MOVING DISPERSION
MEDIUM, by K, 8. H. Leeand C. H. Papas. Feb.
1965 [21)p. incl. diagrs. (Technical rept. no. 34)
(AFOBR-65-0653) (AF 49(638)1268) AD 614275
Unclassified

Also published in IEEE Trans. Antennas and Propaga-
ion, v, -13:7199-804, Sept. 1965,

The general problem of calculating the radiation field of
an antenna immersed in a moving dispersive medium is
formulated as an algebraic equation in wave-vector fre-
quency space for the pclential 4-vector in the rest frame
of the antenna, and is solved in terms of a Green's func-
tion having the form of a one~-dimensional integral. The
special case where the moving medium is a homogeneous
ionized gas and the antenna is an oscillating dipole is
studied in detail. R is found that the far-zone field is

not transverse and the Poynting vector is not purely
radial,

182
California Inst, of Tech. Antenna Lab., Pasadena.

RADIATION RESISTANCE OF AN OSCILLATING DIPOLE
IN A MOVING MEDIUM, by P, Daly, K. S. H. Lee, and
C. H. Papas. [1965][5)p. (AFCSR-66-0545) [AF 49-
(638)1266] AD 644373 Unclassified

Also published in IEEE Trans. Antennas and Propaga-
ion, v. .13:7583-587, July 1965,

The radiation resistance of an oscillating electric dipole
immersed in 2 moving medium is calculated by Bril-

louin's "EMF method." Two cases are studied in detail:

(1) the moving medium is simple, and (2) the moving
medium is an ionized gas (plasma). It is found that in
case 1, the motion of the medium tends to increase the
radiation resistance, whereas in case 2, the motion of
the medium tends to decrease the radiation resistance.
A compa.ison is made between Frank's well-known
theory of the radiation from an oscillating dipole mov-
ing through a2 material medium and the results obtained
in this paper. (Contractor's abstract)

183
California Inst. of Tech. [Antenna Lab. ] Pasadena.

ON THE ATTENUATION OF TRANSIENT FIELDS BY
IMPERFECTLY CONDUCTING SPHERICAL SHELLS,
by C. W, Harrison, Jr. and C. H. Papas. [1965][7]p.
incl. diagrs. (In cooperation with Sandia Corp.,
Albuquerque, N. M.) [AF 49(638)1266]

Unclassified

Published in IEEE Trans, Antennas and Propagation,
v. AP-13: 960-966, Nov. 1965,

Exact formulas for the electric and magnetic fields at
any arbitrary point within a cavity region completely
enclosed by a conducting spherical shell of arbitrary
size are derived under the assumption that the exciting
electromagnetic field is a linearly polarized mono-
chromatic, plane wave falling on the external surface of
the shell. It is shown that the polarization of the elec-
tromagnetic field at the center of the cavity is the same
as the polarization of the incident wave, From a knowl-
edge of this steady-state solution, the time history of
the electromagnetic field at the center of the cavity is
calculated for the case where the incident wave is a
Gaussian pulse, Numerical information on the effec-
tiveness of the aluminum and copner shields under
steady-state and transient conditions is provided for
several pulse durations, shield sizes and wall thick-
nesses. (Contractor's abstract)

184
[California Inst. of Tech. Antenna Lab., Pasadena]

PERTURBATION THEORY OF MICROWAVE INTERAC-
TION WITH GYROELECTRIC PLASMAS, by E. R.
Nagelberg. [1965] [7]p. incl. diagrs. refs. [AF 48-
(638)1266 Unclassified

P blished in Jour, Math. Phys., v. 6 44-50, Jan,
T)85.

As a means of determining the effects of a uniform but
arbitrarily directed magnetic field on cylindrical

and spherical wave propagation in a cold, homogenecus
plasma, the magnetic field is regarded as a small per-
turbation, Assuming an expansion for the electric and
magcetic fields in powers of the parameter lwg/w,
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where «_ is the static gyrofrequency of the electron, the

linear terms are solvad. This solution is carried out
under the assumption that the fields are known for the
limit of vanishing static magnetic field. The first-order
theory is then applied to cylindrical and spherical sys-
tems. When the approximate solution for the axially
magnetized column is compared with the exact result,
agreement is obtained provided that the static magnetic
field is weak, as expected. (Contractor's abstract)

185
California Inst.. of Tech. [Dept. ] of Biology, Pasadens.

THE DEMONSTRATION AND MANIPULATION CF A
CIRCADIAN BHYTHM IN A SINGLE NEURON, by F.
Strumwasser. [1965] [21]p. incl. illus. diagrs. refs.
(AFOSR-65-2751) {Sponsored jointly by Air Force Office
of Scientific Research under AF 49(638)1447 and Army
Medical Research and Development Command)

AD 628727 Unclassified

Also published in Circadian Clocks, ed. by J. Ascholf.,
Amsterdam, North-Holland Publishing Co., 1965,
p. 442-462.

It is demonstrated that a circadian and fortnight lunar
rhythm exist in one of the nerve cells of an isolated
ganglion from the sea hare, Aplysia californica. The
circadian rhythm can be conditioned by exposure of the
mtact organism to controlled cycles of light followed

by darkness. Furthermore, it can be phase shifted by
temperature pulses applied to the isolated ganglion and
by the intracellular injection of such agents as actinomy-
cin D which are known to block messenger RNA syn-
thesis and hence protein synthesis.

186
California Inst. of Tech. [Dept. ] of Biology, Pasadena.

NERVOUS FUNCTION AT THE CELLULAR LEVEL, by
F. Strumwasser. [1965] [26]p. incl. table, refs.
(Sponsored jointly by [Air Force Office of Scientific Re-
search under AF 49(638)1447] and Army Medical Re-
search and Development Command) Unclassified

Published in Ann. Rev. Physiol., v. 27T: 451-476, 1965,

Certain aspects of nervous function at the cellular level,
with emphasis on the current themes available from a
survey of the literature through Sept. 1964 are reviewed,
The topics covered are: the mechanisms of synaptic
transmission, comparative aspects of chemically and
electrically excitable membranes, investigations on glia
in the nervous system, and the nature of intercellular
and intracellular events related to developmmental and
long-term processes in nervous systems.

187

California Inst, of Tech. [Dept. of Electrical Engineering]
Pasadena.

AN EXPERIMENTAL STUDY OF THE HYDROMAGNETIC

s‘3<

WAVEGUIDE, by R. H. Hertel. Jun. 1065, 123p. incl.
illus. diagrs. refs. (Technical rept. no. 3) (AFOSR-
65-0728) (AF 49(638)1462) AD 615630 Unclassified

The hydromagnetic waveguide consists of a cylindrical
metal tube filled with a longitudinaily magnetized plas-
ma. Among the classes of waves which propagate in this
system are the compressional hydromagnetic modes,
characterized by » waveguide cutolf ut low frequencies
and by a resomance at the electron cyclotron frequency.
This paper presents the results of ¢bservations of the
propagation of such waves in a decaying hydrogen plas-
ma at frequencies from 0. 8 to 3. 4 times the fon cyclo-
tron frequency. The phase shift and attenuation of the
waves are interpreted in terms of the ion density and

the temperature by applying a theory based on a three-
fluid description of the plasma. Spectroscopic meas-
urement? of the He line profile and absolute intensity

are used o0 check the density and temperature inferred
from the wave measurements. The results of this study
indicate that a2 simple appr~vimate relationship between
the phase factor and density cbtained by neglecting dis-
sipation gives densities which agree well with the spec-
troscopic measurements. A jourm! publication, Experi-
mental Study of Compressional Hydromagnetic Waves, by
D. G. Swanson, R. W, Gould, and R. H. Hertel (Phys.
Fluids, v. 7: 269-277, Feb. 1964) is appended to this
report.

188
California Inst. of Tech. [Div. of Chemistry and Chemical

Engineering] Pasadena.

APPARATUS FOR X-RAY DIFFRACTION STUDIES OF
LIQUIDS, by S. E. Rodriguez, R. W. Caputi, and C. J.
Pings. [1985) [5)p. inci. illus. diagrs. {AFOSR-85-
1242) (AF 49(638)1273) AD 618428 Unclassified

Also published in Rev, Scient. Instr., v. 36: 449-453,
Apr., ?535.

A sample enclosure compatible with the Norelco goniom-
eter permits x-ray diffraction measurements on liquids
confined under their own vapor pressure or an inert gas.
Diffraction is in reflection-type geometry using a free
liquid surface. The prototype, made of plastic, has
been operated between 0 and 50°C on samples of liquid
gallium, liquid mercury, and mercury-gallium mix-
tures. (Contractor's abstract)

189
California Inst, of Tech. Div. of Chemistry and Chemical

Engineering, Pasadena.

X-RAY DIFFRACTION STUDIES OF STABLE AND
SUPERCOOLED LIQUID GALLIUM, by S, E. Rodriguez
and C, J. Pings. [1965] [3]p. incl. diagrs. table, refs.
(AFOSR-65-1366) (Sponsored jointly by Air Force
Office of Scientific Research under AF 49(638)1273 and
Office of Naval Research) AD 618420  Unclassified

Also published in Jour. Chem. Phys., v. 42: 2435-
7437, uKpr. 1, 1065,
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X-ray diffraction studies of stable and supercooled liquid
gallium (mp 29. §C) between 0 and 50°C show no impor-
tant dependence of intermal structure on temperature.
Atomic radial-distribution functions were determined for
0, 10, 20, 29.5, 30, and 40 and 50°C, from diffraction
data to 8 = 11/A-1, Diffraction measurements were
made in reflection geometry with silver Ka radiation,
scintiliation counter, and pulse-height analyzer. The
density distribution indicates 11 near neighbors. A Ga-
Ga complex is also indicated.

180

California Inst. of Tech. Div. of Chemistry and Chemical
Lngineering, Pasadena.

ABSORPTION OF SOUND IN CRITICAL MIXTURES, by
C. J. Pings and A. V. Anantaraman. [1965][2]p. incl.
diagr. (AFOSR-65-1636) (Sponsored jointly by Air
Force Office of Scientific Research under AF 49(638)-
1273 and Office of Naval Research) Unclassified

Also Fgglished in Phys. Rev. Ltrs., v. 14: 781-782,
May 10, .

The Fixman theory for sound absorption in fluids in the
vicinity of gas-liquid and liquid-liquid critical points

is investigated experimentally, Results are obtained
for the nitrobenzene-iso-octane system which include
measurements over the full composition range for fre-
quencies between 4. 5 and 16, 5 mc/sec and for tem-
peratures of 30,5, 34.8, and 44.8°C. The experimen-
tal data lend substantial credence to the functional de-
pendence of sound absorption upon temperature and fre-
quency as predicted by Fixman,

161

California Inst. of Tech. Div. of Chemistry and Chemical
Fugineering, Pasadena.

X-RAY ABSORPTION FACTORS FOR CYLINDRICAL
SAMPLES IN ANNULAR SAMPLE CELLS EXPOSED TO
INCIDENT BEAMS OF LIMITED WIDTH, by A. P.

Kendig and C. J. Pings. [1965][7]p. incl. diagrs. tables,
(AFOSR-65-1637) (Sponsored jointly by Air Force Office
of Scientific Research under AF 49(638)1273 and Office

of Naval Research) AD 624002 Unclassified

Also published in Jour. Appl. Phys., v. 36: 1692-1698,
May {&5

Expressions are derived for x-ray absorption factors for
a liquid or amorphous sample confined within a cylindri-
cal sample cell. Sufficient geometrical parameters are
included in the formulation to cover many experimental
cases of practical interest. Various integrals involved
are formulated in numerical calculus formulas adaptable
to digital computer procedures. The statistical error
caused by subtracting the cell background from the scat-
tering of 4 cell and sample can be reduced substantially
by limiting the volume of the cell material irradiated.
The absorption factors calcuiated apply to uniform heams
only; the approximation of absorption factors for noauni-
form beams is discussed, (Contractor's abstract)
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192
California inst. of Tech. Div. of Chemistiry and Chemical

Engineering, Pasadena,

SATURATED LIQUID DENSITY OF CARBON TETRA-
FLUORIDE FROM 90° TO 150°K, by C. M. Knobler and
C. J. Pings. [1965] [2]p. incl diagr. table. (AFOSR-
65-1638) (Sponsored jointly by Air Force Office of Sci-
entific Research under AF 49(638)1273 and Office of
Naval Research) AD 623996 Unclassified

Also published in Jour. Chem. and Eng. Data, v. 10:
130, Apr. 1965, ’

Because of a discrepancy 1n available data, measure-
ments were made of the saturated liquid density of car-
bon tetrafluoride at 16 temperatures between 90° and
150°K. The experimental density values determined
are compared with those calculated from the equation
d(g/em3) = 2,254 - 3.64 x 10°9T - 5,40 x 10-6T2 and
with those from other investigations. The value re-
ported for the coefficient of thermal expansion in the
temperature range 94° to 107°K is in good agreement
with Croll and Scott's value of 2.59 + 0,04 x 10-3/°K.
The standard deviation of the measured points from the
smgoth curve in the range 94" to 150° is 7.1 x 10-4g/
cm9,

193

California Inst. of Tech. Div. of Chemistry ana Chemical

Engineering, Pasadena.

IMPROVED APPROXIMATION FOR INCOHERENT X-
RAY SCATTERING, by S. E. Rodriguez and C. J.
Pings. [1965]|2]p. incl, table. (AFOSR-65-1639)
(Sponsored jointly by Air Force Office of Scientific Re-
search under AF 49(638)1273 and Office of Naval Re-
search) AD 617876 Unclassified

Also published 1n Acta Cryst., v. 18: 879-980, May

In the apprcximation for incoherent x-ray scattering
presented, the entire decrease in atomic factor f is as-
signed to outer orbitals. The equation then becomes
Lnc=2- f. This approximation has special attraction

for cases where exchange terms are important. Oxygen
and germanium are used as examples and the values de-
termined are compared to values obtained by guantum-
mechanical means and James' equation Iinc =2 -f4/4.

The new approximation appears superior for both ele-
ments.

194
California Inst. of Tech, [Div, of Chemistry and Chemical

Engineering] Pasadena,

DIAPHRAGM PRESSURE TRANSDUCER, by W. 1.
Honeywell and C. J. Pings. [1965](3]p. incl diagrs.
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(AFOBR-85-1640) (Sponsored jointly by Air Force Office
of Scientifiz Research under AF 49(038)1273 and Office
of Naval Research) AD 623998 Unclassified

Also lished in Rev, Scient. Instr., v. 38: 754-756
June g%S - ' ’

A diaphragm pressure transducer has been ueveloped
for the purpcse o separating a sample fluid from a hy-
draulic ofl used in a dead weight tester. The diaphragm
null position is determined by a commercially available
magnelic sensing unit. The nall position shifts syste-
matically with a2 absolute preseure, but the shift is re-
producible and may be calibratad. With the output
scheme utilized, the unit has a sensitivity of 0. 00007
atm and a reproducibility of 0, 0003 atm. The equip-
ment has been used extensjvely at pressures up to 70
atm, but as designed should be operable to much higher
pressures. The equipment described includes a small
injector for refined pressure adjustments. (Contrac-
tor's abstract)

195

California Inst. of Tech. Div. of Chemistry and Chemjcal

Esgineering, Pasadina.,

THE CONTINUOUS ABSORPTION SFECTRUM OF
IODINE MONOCHLORIDE, by E. B. Nebeker and C. J.
Pings. [1965] [1]p. incl, diagr. (AFOSR-85-2368)
(AF 49(638)1273) AD 629253 Unclassified

Also published in Jour. Phys. Chem., v. 69: 2483,
July %;33'.

Quantitative extinction coefficients are measured for
iodine monochloride between 220 and 600 mu and com-
pared with the data of Seery and Britton (Jour. Phys.
Chem., v. 68: 2263, 1964), Binder (Phys. Rev., v. 54:
114, 1938), and Gibson and Ramsperger (Phys. Rev.,
v. 30; 598, 1927),

196

California Inst, of Tech. Div. of Chemistry and Chemical

Engineering, Pasadena.

REFRACTIVE INDEX AND LORENTZ-LORENZ FUNC-
TION FOR SATURATED ARGON, METHANE, AND
CARBON TETRAFLUORIDE, by C. P. Abbiss, C. M,
Knobler and others. [1965] [4)p. incl. diagrs. tables,
refs. (AFOSR-65-2369) (Sponsored jointly by Air
Force Office of Scientific Research under AF 49(638)-
1273 and Office of Naval Research) AD 6209252
Unclassified

Also published in Jour. Chem. Phys., v. 42; 4145-
, June 19,

By means of the principle of minimum deviation, the re-
fractive index was determined for argon, methane, and
carbon tetrafluoride as saturated liquids from the triple
point to the critical point. For argon, some measure-
ments were also made on the saturated gas., For argon
and methane, known values of the densities were used to
compute the Lorentz-Lorenz functjon over the entire

> 45 <

range of the saturation curve. For carbon tetrafluoride
these computations were made only up ‘0 0.7 of the
critical temperature due to the lack of density data at
higher values. The Lorentz-Lorenz function varies
little with density and temperature for the three liquid
phases. The argon measurements indicate definite
increases in the Lorentz-Lorens function on isothermal
condensation. (Comtractor's abstract)

197

California Inst. of Tech. [Div. of Chemistry and Chemical
Engineering} Pasadema.

THERMODYNAMICS OF CHEMICAL COUPLING, by
C. J. Pingsand £, B. Nebeker. [1963] [6)p. incl.
diarr. refs. (AFOSR-66-0302) (Sponsored jointly by
Afr Force Office of Scientific Research under AF 49-
{638)1273 and Research Corporation) AD 820249
Unclassified

Algo Eg_bllshed in 1 and EC Fundamentals, v. 4: 378-
, Nov., .

The applicability of irreversible thermodynamics to
coupled chemical reactions is discussed. Coupling is
distinguished from the common pbenomenon of inter-
ference, and a sufficient condition for the existence of
nontrivial chemical coupling is given. The phenomeno-
logical coupling coefficients are identified for & par-
ticular examgle of a reacting system near equilibrium.
Linear transformations which destroy the Onsager rela-
tions, or which eliminate the coupling of chemical re-
actions, are shown to be not generally applicable; any
such given transformation can be used only for a partic-
ular initial state of the system. Also, the physical sig-
nificance of the stoichiometry of such transformed re-
actions is questionable. (Contractor's abstract)

198

California Inst. of Tech. Div. of Chemistry and Chemical
Engineering, Pasadena.

DIRECT EXPERIMENT AL “EST OF THE PY AND
CHNC INTEGRAL B¢ ' IONS, by P. G, Mikolaj and
C. J. Pings. [1965]}[4)p. incl. diagrs. refs. (AFOSR-
66-0340) (Sponsored jointly by Air Force Office of Sci-
entific Research under AF 49(638)1273 and Office of
Naval Research) AD 629250 Unclassified

Also published in Phys. Rev. Lirs., v. 15: 849-852,
Nov. ;%, 1985,

Radial distribution function and direct correlation func-
tion data for liquid argon were used to test fundamental
hypotheses underlying the derivations of the Percus-
Yevick and convoluted hypernetted chain integral equa-
tions, with the concluston that these equations have sys-
tematic density-dependent defects.
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199

California Inat. of Tech. Gates and Crellin Labs, of
Chemistry, Pasadena.

MECHANISMS OF PHOTOCHEMICAL REACTIONS IN
SOLUTION. XXXII. ASYMMETRIC INDUC [ION DUR-
ING ENERGY TRANSFER, by G. S. Hammond and R. S.
Cole. [1965][2)p. incl. diagr. refs. (Contribution

no. 3246) (AFOSR-66-0883) (AF 49(638)1479)

AD 635425 Unclassified

Also ﬁlished in Jour. Amer. Chem. Soc., v. 87:
, July 20, 1965,

’l’ge generallzeg energy transfer reaction considered is
D +A-D+A", There is considerable evidence that
transfer of triplet excitation requires molecular contact
between danor and acceptor. Under such circumstances
stereochemical factors may be of importance in deter-
mining the efficiency of transfer, and one might antici-
pate that an optically active donor would show selection
between the d and 1 isomers of a racemic substrate.
Studies are reported that verify these expectations.

200

California Iust. of Tech, Gates and Crellin Labs, of
Chemistry, Pasadena,

NITROGEN-15 MAGNETIC RESONANCE SPECTROS-
COPY. V1. PYRIMIDINE DERIVATIVES, by B. W.
Roberts, J, B. Lambert, and J. D. Roberts. [1965]
[31p. incl. diagrs. refs. (Sponsored jointly by Air
Force Office of Scientific Research under {AF 49(638)-
1479}, National Science Foundation, and Public Health
Service) Unclassified

Publighed in Joar. Amer. Chem. Soc., v. 87; 5439-
ec. 9, 1965,

Proton and nitrogen-15 magnetic resonance spectra of
several derivatives of pyrimidine have been studied.

Long-range 15N.-H couplingz were observed in uracil~
“Nz, 2, 4-d*.chloropyrlmidiner 15Nz, 2, 4-dimethoxy-
pyrimidine-lsNz, 1-methyl-4- methoxy-2-pyrimidone-
1‘r’Nz, and l-methylcytoslne-“’Na. A particularly
large 15Nu)-c-l-l coupling (12.5 cps) has been ob-
served in 2,4-dichloropyrimldlne-15N2. 1-Methylcy-
tosine-15N3 has been shown to protonate at N(3) in

agreement with previously reported work on 1-methyl-
cytosine labuled only in the amino group. (Contrac-
tor's abstract)

201

California Inst. of Tech. [Graduate Aeronautical Labs. ]
Pasadem.

THEORY OF LAMINAR NEAR WAKE OF BUUNT BODIES
IN HYPERSONIC FLOW, by B. L. Reeves and L. Lees.
[1965] [14)p. incl. diagrs. refs. (Publ, no, 617)

(AF 49(638)1208) AD 626810 Unclassified

46(

Presented at Second AIAA Aerospace Sciences meeting,
New Yurk, Jan. 25-27, 1965.

Also published in AIAA Jour., v. 3: 2061-2074, Nov.

The preblem of laminar flow in the near wake of b.unt
bodies is discussed. A thecretical model is employed
which emphasizes 2 essential regions. In the first re-
gion, {iuid is entrained by the shear layer from an ir-
rotational externa) stream, and, simultaneously, fluid
is scavenged by the shear layer from the recircuiating
viscous flow at the base. In the second region, which
always commences upstream of the rear stagmation
point, the turning of the flow in the inner viscous wake
produces a strong viscous-inviscid interaction and gen-
erates a series of compression waves that eventually
coalesce into a neck or wake shock. By means of this
model, the near-wake solution is determined by a set of
joining conditions for the 2 regions and also by a singu-
1ar point in the neck which is shown to be analogous to
the critical point of the Crocco-Lees theory., The vis-
cous interaction solution is obtained by means of a mo-
ment-iitegral method and follows the previous work by
the authors on separated and reattaching laminar flows.
Results of the present theory are in good agreement with
the near-wake experiments of Dewey for adiabatic flow
over & circular cylinder. (Contractor's abstract)

202

(Califorma Inst. of Tech. Graduate Aeronautical Labs. ,

Pagsadenal,

THE EI ®CTRICAL CONDUCTIVITY OF SEEDED
GAS¥5, by T.-F. Zien. [Final rept. Ipt, 2[1965][24]p.
ir.1, diagrs. refs. (AFOSR-65-2018) [AF 49(638)1348]
AD 627900 Unclassified

A crude but simple method of evaluating the electrical
conductivity of seeded-plasma, applicable to both equi-
librium and non-equilibrium cases is presented. A
simplified method, that of the mean-free-path, is used
1n which the force acting on an electron due to the ex-
ternally applied electric field i- considered the only
force that causes collision between the electron and the
neutral atom or molecule, This method does not con-
sider the effect of the ions; however, in the ordinary
practice of seeding, the seeding fraction is usually less
than 1% and the temperature rarely exceeds 3000"K.
Under these circumstances the effect of 10ns i8 believed
to be negligible. Satisfactory results are obtained in the
temperature range of practical interest, but serious
error may occur when applying this method to higher
temperature regions where the ionization becomes so
significant that Coulomb interaction is important.
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[California Inst. of Tech. Graduate Aeronautical Labs,,

Pasadena

BIBLIOGRAPHY ON MHD CHANNEL FLOW, by K.

Harstad. [Final rept.]pt. 3[1965)[17]p. incl refs

(AFOSR-65-2019) [AF 49(638)1348] AD 627901
Unclassified




e -

-t omEm e e T s

Al FORCE SCIENTIFIC RESEARCH

A bibliography of one bundred and ceventy references is
presented on magnetohydrodymirate chancel flow. The
references are arranged alphabetically by author, gen-
erally with brief annotations.

204
{Calyfornia Inst. of Tech. Graduate Aeronautical labs.,

Pasadena]

SOME PROBLEMS IN MHD PIPE FLOW, by J. D. Cole

and P. Caseau. [Fimalrapt Jpt. 4 [1965] [24)p.

(AFOSR-65-2020) |AF 49{€33)1348] AD 6279
Unclassified

The methods of boundary layer theory are systematically
applied in order to obtain information about the a.stri-
bution of flow in a cross section. Although the work is
based on incompressible flow it is believed that the es-
sential differences iound between insulator and electraode
boundary-layers is a general feature of all magnetohy-
arodynamic channel flows,
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California inst. of Tech. Graduate Aeronaatical Labs. ,

Pasadena.

SOME EXPERIMENTAL OBSERVATIONS ON THE NON-
LINEAR VIZTATION OF CYLINDRICAL SHELLS, by
M. D. Olson. [1965][3lp. mcl. diagrs. [AF 49{638)-
1364) Unclassified

Published in AIAA Jour., v. 3; 1775-1777, Sept. 1965.

In preparirg for flutter experiments, vibration tests were
performed on several cylindrical shells. Qualitatively,
when any mode of the shell wag forced into resonsnce and
the prckup was positioned at a longitudinal nodal line, the
Lissajous figure for the vibration was a horizoutal figure
8 of relatively small height. It was also observed, tht
as any mode was driven to increasing amplitudes by i
creasing the drivar vollage, at some critical amplitude
the vil;ration would become unstable. Although no quan-
titative data were obtained, it was observed that this
criiecai amplitude depended on the circumferential wave
number n. It is suspected that this is evidence of the
occurrence of the companion mode instability observed
in the ring vibrations. The experimental results pre-
sented support the thesis that the nonlinear vibrations

of thin cyhindrical shells m motie shapes with long axial
wavelengths exhibit many of the phenomena previously
observed for thin cylindrical rings. In particular, for
amplitudes of the order of the shell thickness, the vibra-
tions exhibit a slight nonlinearity of the "softening' type.
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Califorma Inst, of Tech. Graduate Aeronautical Labs. ,

Pasadena,

SUPERSONIC FLUTTER OF CIRCULAR CYLINDRICAL
SHELLS SUBJECTED TO INTERNAL PRESSURE AND
AXIAL COMPRESSION, by M. D. Olson. Apr. 1965,
98p. incl, 1llus. diagrs. tables, reis. (Aervelasticity

~ 47«

and Structural Dymamics regt. no. SM 63-7) (AFOBR-
65-0599) (Sponsored jointly by Air Force Office of
Scierkific Research under AF 48(638)1384 and Nationaj
Aeronautics and Spa-< Administration) AD 619729
Unclassifjed

Rexults of recent experimerts ca the fiutter of circular
cylindricai shells i= the Mach sumber range 2.5-3.5
are presenied. Three shells with radjus-to-thickness
ratios of 2000 were aubjected to racial exterml pres-
sare loadings and to combimations of axial compresaive
lnading and intermal pressurization while in the pres-
ence of an external axially-directed supersonic flow.
Small amcunts of internal presanrization were very sta-
bilizing with respect io flutter, but moderate amounis re-
duced stability to the unpressurizeg level. However,
high internal pressures completely sishilized the shells,
The axial compressive loading was slightly destabilizing
for moderate amounts of internal pressurization. There
was no apparent danger of degtruction of models even
for the most violent fluttes conditions which occurred
just prior to buckling under radis! extermal pressure
loading and just after buckling under axfal compressive
loading. Buckles portions of a shell did not flutter. R
appears that the large local curvatares encountered in
the buckling of a cylindrical shell have a marked stabsl-
izing effect on the shell locally. However, it alsc ap-
pears that the localized buckling usually encountered in
practice significantly reduces the stability of any un-
buckled regions of the shell,
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California Inst. of Tech. «raduate Aeromutical Labs. ]

Pasadena.

ERROR ESTIMATES FOR LUKE'S APPROXIMAT'ON
FOKMULAS FOR BESSEL AND HANKEL FUNCTIONS,
by H. Krumhaar. [1965] [11]p. incl. refs. (AFOSR-
66-2627) [AF 49(638)1364] AD 639772 Unclassified

Also sglzblished in Zeitschr. Angew Math. und Mech. ,
v. 45 -295, 1965.

Error estimates are presented for approximation for-
mulas for Bessel functions Ju(z) and for the Hankel

functions H(;)(z ) and H(f)(z). These approximation

formulas are obtained by means of the trapezoidal rule
according to Luke, The error estimates are valid in
the case of Bessel functions for arbitrary real or com-
plex argument z, they hold in the case of the Hankel
functions for arguments z with a positive Linaginary part,
Ve 5 ade ui Luke's resuits, some of them are re-
peated in nrder tn make this paper self-contained. In
order to derive the errox 2«tfmates for the Hankel
functions some inequalities arc engaged for the Gamma
function with certain complex argurents and for Bessel
functions of certain complex orders. |Contractor's
abstract)
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Califoornta Inst. of Tech. [Graduate Aeromutical Labe. |
Pasdema

IKBTABILITY OF SPINNING SPACE STATIONS DUE 210
Californiz Inst. of Tech. Guggenheim Jet Propulsion

TOCREW MOTION, by W. T, Thomsonand Y. C.
(1965) {8]p. imcl. diagrs. (AFOSR-85-2472)
[ F AFOER- 35:} AD 6219681 Unclassified

%Eblﬂhed in AIAA Jour., v. 3: 1082-1087, June

The stability of 2 spinning space station due to periadic
motions of the crew is considered. &k is shown by a few
examples that instability may occur i/ the period of an
astroniut's motion bears certain ratios to the hali-period
of the spin of the matellite. For example, if he moves
back and forth along 2 radiug of 2 circular, plamar satel-
lite, tastability will occur when the period of his motion
is approxinmmtely an iategral muitiple of the half-period
of the satellite spin. A similar conclusion bolds if the
astromguts move with constant speed or veciliate peri-
odically in circunderential direction. The heavier the
moving masses are, relative to the satellite, or the
larger thelr amplitude of motion, the wider will be the
regions of instabilily. General equarions are given
which are usefyl for amalyzing cther modes of crew mo-
tion or for other problems such as prasive damping of 2
spinning satellite, (Contractor's abatract)

California Inst. of Tech. [Guggenheim Jet Propulsion
Cenier] Pasadena.

RECOMBINATION RATES AND NON-BQUILIBRIUM
ELECTRICAL CONDUCTIVITY IN A SEEDED PLASMA
{Abstract), by E, &, Zukeeki. [1965]il)p. (Bound
with its AFGSR- 63-1266; AD 622527) (AF 49(638)1285)
Unclassified

Presented at Eighth AFOSR Coatractors' meeting on lon
and Plasma Propuision Research, Los Angeles, Calif.,
Apr, 29-3G, 1965,

Experimentaliy determinod values of electrical con-
ductivity and electron temperature have been measured

i & non-equilibrium zeeded plasma. These results are
in good agreement over a wide range of jarameters

with values calculated from a two-temperature model of
the plasma. There is no doabt that the two-temperaiure
mode} ia valid over & wide range of gas temperatures,
seed concentrations, 2nd current densities for the argon-
notassivm &ané helium- yotassium plasmas. However, the
model does not give an accurate description of the plas-
ma when {he current uensity is below aboui 0. 4 arap/
cmz; irs this rangs the amission of the influense of atom-
atone excitation and the influence of non-equilib-um ex-
cited state populations may cxpiain the discrepan y be-
tween experiment and theoiy, In addition, .he electron-
electron-ion coflisionat recombination rate for potassjum
bas beer measured in the argon-potassium system.

The 1aage of eleciron temperatures investigated =rs he-
tween 1900°K and 3000°¥ with slectron densities between

Ix 10'3 ang 4 x 10“/cm3. The measured values show
> 48 ¢

2 scatter of 60% about theoretical values caleulated
from present recombination rate theory e atploving
the Gryzinski classical collision cross sections.
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Center, Pasadena.

ABSOLUTE INTENSITY MEASUREMENTS FOR THE
2.7 4 BAND OF WATER VAPOR IN A 8HOCK TUBE,
by R. W. Patch. [1965][30)p. incl. illus, diagrs.
tables, refs. (AFOSR-65-2488) (AF AFOSR-63-71)
AD 629612 Unclassified

Co o ey

5!2 shed in Jour. Quant. Spertros. and Radiative
v. 5: 137-164, 1965.

The apparent speciral absorption coefficients of the
Ha0 infrared bands in the vicinity of 2.7 4 were meas-

uyred in a shock tube behind reflected shock waves in an
Ar-HsO mixture. By interrupting an infrared beam at
a 60 ke rate and projecting this beam across the shock
tube to a monochromator, it was possible to measure
simultaneously both emission and absorpiion of llzo at
1000°K. The spectral absorption coefficients obta’'ned
from emission measurements averaged 9. 8% higher than
absorption measurements, probably due to experimen-
tal errors (smaller than usually encountered in shock
tube measurements). At 1933°K experimental difficul-
ties precluded simultaneous measurement of infrared
emission and absorption, so measurements were re-
stricted to emission. The apparent absorption coeffi-
cients were integrated to give the integrated absorption
coefficients for the collection of bands near 2. "l . In-
tegrated absorption coeﬂicients were 49. 8 cm? atm~ 1
54.7 cm® atm-1 and 31,6 cm? atm-1 for absorption at
1000°K, emission at 1000°K, and emission at 1933°K,
respectively. The 2 values at 1000°K were in good
agreement with those of Goldstein, who made no meas-
urements above this temperature, (Contractor's
abstract)

P
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California Inst. of Tech. Guggenheim Jet Propulsion

Center, Pasadena.

NONEQUILIBRIUM ELECTRICAL CONDUCTIVITY
MEASUREMENTS IN ARGON AND HELIUM SEEDED
PLASMAS, by E. E. Zukoski and T. A, Cool. [1965]
[2)p. incl. diagrs. (Publication no, 165) (AFOSR-65-
1419) (AF AFOSR-63-180) AD 622740 Unclassified

Also published in AIAA Jour., v. 3: 370-371, Feb.

kxperimental and calculated conductivity measurements
are prosented as a function of current density for the
argoen-otassium system with neutral gas tempera-
tures of 1500°K + 30°K and 2000°K + 100°K at 1 atm
pressure. Measurements were also made for helium-
potassium conductivity and relaxation times at 2000° &
100°K. Conductivity values were calculated as ina
similar but less extended study by Zukoski, Cool, and
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Gibson (AIAA Jour,, v. 2: 1410-1417, 1964). Good
agreement exists between experimental and calculated
values of conductivity for both systems.

212
Californiz Inst, of Tech. Palomar Observatory, Pasadem,

A SEARCH FOR INTERSTELLAR ICE ABSORPTION IN
THE INFRARED SPECTRUM OF MU CEPHEY, by R. F.
Danielson, N. J. Woolf, and J. E. Gaustad. [1965)
[10)p. incl. diagrs. tables, refs. (AFOSR-65-1080)
(In cooperation with Mount Wilson Observatory, Pasa-
de i, Calif.) (AF 49(638)1323) AD 619133
Unclassified

Also ?_bliahed in Astrophys. Jour., v. 141: 116-125,
Jan. 1, R

The infrared spectra of u Cephei and o Orionis obtained
in the second flight of Stratoscope I1 are compared in ai
attempt to detect an absorption band at 3.1 p due to in-
terstellar ice particles. The absence of the band sug-
gests that no more than 1/4 of the interstellar reddening
is due to ice. The water-vapor bands in the spectra of
these 2 supergiants are surprisingly strong, and no sat-
isfactory explanation for this phenomer.on is known.
(Contractor's abstract)
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California Inst. of Tech, Palomar Observatory, Pasadena.

OBSERVATIONS OF PROPER-MOTION STARS. 1, by
O. J. Eggen and J. L. Greenstein, 1965} [9]p. incl.
diagrs. tables, refs. (AFOSR-86-1232) (. cooperation
with Mount Wilson Observatory, Pasadena, Calif.)

(AF 49(638)1323) AD 638864 Urclassifica

Also published in Astrophys. Jour., v. 142: 925-833,
Oct. T, 1985.

In the course of an observational program on white
dwarfs, results of which have been reported earlier in
Astrophys. Jour,, v. 141; 83, 1965, colors and spectra
of many non-white dwarfs were obtained. A few wide
binaries are found to be optical pairs only and the data
for these pairs are given. New physical pairs contain-
ing white dwarfs were established, and new single white
dwarfs were discovered spectroscopically and are listed.
This paper lists 12 newly observed white dwarfs of spec-
tral types DA and DF and gives further observaiions on
2 stars from our earlier work. The RR Lyr variable,
AP Ser, is also a visual binary, Photometric ovserva-
tions of the faint, physical companion give 6 (U-B) =

+0.12™ and lead to 2 luminosity of M, = +1. 6™ at medi-

an light of the variable. Stars found not to be white
dwar{s during the earlier survey of proper-motion stars
are listed. Lowell survey colors were also studied sta-
tistically and found to be moderately reliable. Prover-
motion stars of color class -1 and most of those of color
class 0 are almost certainly white dwar{s. Also, sonme
interesting subdwarf M stars were found, with weak Ti0
and strong MgH bands.

> 49 <
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California Inst. of Tech. Palomar Cbservatory, Pasadema.

THE EARLY A STARS. L. ROTATION AND METALLI-
CISM, by P. 8. Conti. [1965] [12]p. incl. illuy. diagr.
table, refs. (AFOSR-68-1255) (In cooperation with
Mount Wilson Qbservatory, Pasadema, Callf.) (AF 49-
(638)1323) AD 639013 Unclassified

Also %llshed in Astrophys. Jour., v. 142: 1594-1608,
Nov. 15, .

The problem of classifying main-sequence stars near
type AO is reviewed. Attention is drawn to a similar
difficulty with regard to Am (metallic-line) stars pre-
viously found only as early as AS. Recent detajl anal-
ysis, using mode} atmospheres of 2 early A stars,
Sirfus and 68 7, have shown abundance anomalies simi-
lar to those in Am stars. Since these stars had been
elassified as normal, it is suggested that other Am
stars of early type can be found by improved methods,
one of which is discussed here. The line strength of
the strong line of jonized scandium at \ 4246 relative to
the line of fonized strontium at A 4215, indicates the
pres 'nce o an Am star. In normal stars there two
lines have the same strength, but in Am stars as well
as in Sirjus and 68 7 the scandium line is considerably
wenker. This criterion, which is useful for detection
of Am stars aver a wide range of effective temperature,
is clearly discernible only for sharp-line stars and in
spectra of relatively high dispersion. A diagram of ro-
tation as a function of B-V color for the brightest stars
in the sky indicates many sharp-line stars near type A0,
which have formerly been classified as normal. High-
dispersion spectra of most of thers show that about one-
half have anomalous Sc/Sr line strength, It is probable
that they are the heretofore hidden analogues of the
later-type Am stars and that the metallic-line phenome-
na extend into the early A stars. (Contractor's abstract)
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California Inst. o Tech. Palomar Observatory, Pasadena.

THE COMPOSITION OF MAIN-SEQUENCE STARS OF
TYPES A-K IN THE HYADES CLUSTER, by P. 8.
Conti, G. Wallerstein, and R. F. Wing. [1965][25)p.
incl. diagrs. tables, refs. (AFOSR-66-1256) (In coop-
eration with Mount Wiison Observatory, Pasadena,
Calif.) (Sponsored jointly by Air Force Office of Scien-
tific Research under AF 49(638)1323 and National Sci-
ence Foundation) AD 639991 Unclassified

Also published in Astrophys. Jour., v. 142; 999-1023,

The investigation 18 designed to test the common as-
sumption that all main-sequence stars in a cluster have
the same chemical composition. The chemical compo-
sition of main-sequence Hyades stars with B-V colors
between 0. 0 and +0. 9 (spectral types AOV and K2V)
were derived. HD 28344 (type G 1V) was chosen as the
standard star because it has previously been compared
to the sun, The compositions of the other stairs ire
identical to that of HD 28344 with the following excep-
tions. (1) 68 r displays the abundance anomalies of a

.
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metallic-line star, and (2) there ars wide fluctuations in
the lithium content of the Hyxdes stars. To derivea
similar camposition for the hottest star (HD 73686 of
Praesepe) it is nece.sary (o assume ihit Praesepe is

! reddened by at least 0.03 mag ix B-V. For the covlest
stars it appears (o be necessary to modify the models
by including the cantribution of line blanketing to the
opacity. Demartares from local thermodymamic equitib-
rium indicated by the inw excitation temperatures found
for the A stars, apparently have no effect upon the de-
rived abundances. Why HD 72668 and 68 - lje above the
turnoff point of the color-magnitude diagrams of thier
clusters is not explained. (Contractos *s abstract)

31s
California Inst. of Tech. [Palomar Qbservatory] "asadena.

ON THE INTERNAL EVOLUTION OF HELIUM STARS,
by G. Wallerstein, [1965][3)p. inci. tables. (AFOSR-
66-1276) (AF 49(638)1323) AD 639988 CUnclaseified

Also Plished in Astrophys. Jour., v. 14%: 1250-1262,
. 1, 3

H A possible sequence of thermonuclear reactions leads to
the cbserved surface composition «f helium-rich stars.

! The 018, N14, and C12 abundances are affected by the
! mixing of He to the surface.
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California Inst. of Teclk. Palomar Cbservatory, Pasadena.

EFFECTIVE TEMPERATURES AND GRAVITIES OF AP,
AM, AND NORMAL A-TYPE STARS, by B. Baschek and
J. B, Oke, [1965] (7). incl. diagrs. tables, refs.

: {AFOBR-65-2773) (In cooperaticn with Mount Wilson

! Observatory, Pasadena, Calif.) (AF 49{638)i1323;

: AD 629378 Unclassified
: Also pubiishet in Astrophys. Jour., v. 141, 104 1410,
Mzy 13, .

Effective temperatures and gravities are determined for
selected Ap, Am, and normal A-type stars and it is
found that the colors are modified substantially by the
. presence of abnormally strong metallic lines, The gravi-
i ties of all stars, with one excepuorn, are those expected
of main-sequence stars. The Am stars in the Hyades
are gystematically hotter than the corresponding normat
stars. (Contractor’s abstract)
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California Inst. of Tech. Palomar Observatory, Pasadena.
SPECTRA, COLORS, LUMINOSITIES, AND MOTIONS
OF THE WHITE DWARFS, by O. J. EggenandJ. L.
Greenstein, [1965] {261p. incl. diayrs. tables, refe.
[AF 49(638)1323} Unclassified

Published in Astropnys. Jour , v. 141: 83-1C7, Jan.
1565,

> 50 <

Spectroscopic and photome ric data, most of which are
new, are Jiven for 166 white dwarfs together with the
avalanle astrometric data. The white dwarfs are di-
vided into 2 groeps, each with its specific character-
istics in relation (o dispersion und absorption. Several
stars of indfvidua! interest were studied extensively
with regard to color, departure {rom black bodies and
motion.

213

Calilnrria Inst. of Tech. Quantuin Electromics lLabs. ,

Paszacena.

ROTATIONAL MODES IN SPHERICAL-MIRROR RESO-
NATORS, by W. A. Speci, Jr. June 1664, 46p. incl.
duagrs. refs. (Scientific ropt, no. 2) (AFOSR-64-1311)
(AF 49(638)1322) AD 604690 Unclassified

Also publistedd in Jour. Appl. Phys., v. 36: 1306-
, Apr. 1965. (Title varies)

This work is the examination of a cavity mode approach
to the mode structure of 2 laser. Solutions of the vec-
tor wave equation for electromagnetic fields in and be-
iween perfectly conducting oblate spheroidal cavities are
examined for the case of wavelengths much less than
cavity dimensicns. These solutions are the field modes
in Fabry-Perwt type resomators with equal-radius con-
cave spherical mirrors, or with concave-convex spheri-
cai mirrors, when the parameters of the cblate spher-
oids are chosen s0 that the radii of curvature and spac-
ing on the axis of rotation atch those oi the resonator
mirrors. Expressions for the transverse and longitudi-
nal mode siructures are derived. The eigenvalue equa-
tions 2re written, and are solved for the case of the

two lowest-order modes.
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California Inst. of Tech. {Quantum Electronics Labs. |

Pasadena.

NONLINEAR EFFECTS IN TRAVELING WAVE LASER
AMPLIFIERS, by D. H. Close. May 1965, 214p. (Sci-
entific rept. no. 5) (AFOSR-65-0999) (AF 49(638)1322)
AD 621320 Unclassified

Using semiclassical radiation theory, a formalism
similar to that used by Lamb in his "Theory of an Op-
tical Maser” 1s developed for studying the amplifica-
tion of vector traveling waves in a laser-type medium.
The effect of the medium on the waves is given in terms
of space (or time) dependent field amplitudes and phases
and a nonlinear index of refraction. With particular em-
phasis on typical gaseous media, the effects of Doppler
broadening are treated in detail ior arbitrary ratios of
natural to Doppler line widths, Lowest order nonlinear
effects (due to a polarization cubic in the field ampli-
tudes) are studied extensively, and the frequency de-
pendence of scveral of these processes is presented in
grapmcal form. The characteristics of these nonlinear
processes peculiar to Doppler broadened lines are dis-
cussed, and the processes are interpreted in terms of
saturation and coherent modulation of the population in-
version density.
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Californiz Inst. of Tech. Quantum Electronics Labs.,
Pasadena.

SPONTANEOUS RADIATING ATOM IN CAVI1Y FIELDS,
by C. J. Buczek. Apt. 1965, 148p. incl. diagrs. refs.
{Scientific rept. no. 4) (AFOBR-65-1000) (AF 49(638)-
1322) AD 621319 Unclassified

The characteristics of spcntancwus emission from an
at.m which interacts with a2 caherent light wave are de-~
termined. The comvetition between caherent photons
and spontznecus photons is treated in detail for 2 system
consisting of a stationary atom, an open cavity and spa-
tial fields. R is found that the interaciion with the co-
herent field modifies the spectral distribution of spon-
taneous radiation from the atom. For spostaneous transi-
tions involving an atomic state which jnteracts with the
coherent field, the spectral distributions can no Janger
be described by Lorentzian functions. The new distri-
butions exhibit a broadening and splilting for strong
interactions between the atom and the coherent field. L
is shown that the qualitative featurcs of these new dis-
tributions can be predicted from the energy-level dia-
gram oi the aiom-cavity system. The net probability

of the system gaining a coherent or cavity photon is cal-
culated by integrating over {hie emitted spontaneous fre-
quencies. The equivalence of this approach to the meth-
od of computing probabilities by integrating over time is
demonstrated by using Parseval's theorem.

222
Cahfornia Inst.. of Tech. Seismological Lab., Pasadena.

SFISMIC RESULTS FOR GNOME AS OBSERVED BY THE
CALTECH NETWORK, by G. Dewart. [1965][5p. incl.
diagr. tables, refs. (AFOSR-66-2254) (AF 49(638)910)
AD 624547 Unclassified

The underground nuclear explosion Gnome was recorded
at several stations of the Caltech network with P ampli-
tudes as large as or smaller than reported by Romney
for Logan and Blanca. Since large amplitudes were re-
ported for propagation to the east the hypothesis is ad-
vanced that a more severe shadow zone effect exists for
propagation to the west due to different structure of the
mantle in the low velocity layer. (Contractor's abstract)

223
California Inst, of Tech. Seismological Lab., Pasadena.

A PROCEDURE FOR SOURCE STUDIES FROM SPEC-
TRUMS OF LONG-PERIOD SEISMIC BODY WAVES, by
A. Ben-Menahem, 8. W. Smith, and T, -L. Teng.
[1965] [33]p. incl. diagrs. tables, refs. (AFOSR-65-
2913) (AF 49(638)1337) AD 617039 Unclassified

Also published in Bull. Seismol. Soc, Amer., v. 55:
203-235, Apr., 1965,

The well-known first motion method of Nakano and
Byerly 1s extended, generalized and combined with re-
cent new 1deas in body wave theory 1n order to set up a

=61«

routine procedurs for extracting source parameters
from spectral analysis of isolated P and S pulses re-
carded at 2 net of standardized stations around a non-
shallow scur “e. The method consists of compensating
the aboerved s, ectrums for instrumental and propaga-
tiona) effects. . combined study of the resulting radia-
tion patterns, initial phases, and ihe initial amplitudes
will render information regarding the spatial and tem-
poral mature of deep and intermediate earthquake
sources as seen through the spectral window of 10-100
sec. The shorter periods can be used for sousce stud-
ies only if an accurate station correction is available.
{Contractor's abstract)
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California Inst. of Tech. Seismological Lab., Pasadeia.

RELATIONSHIP BETWEEN SEISMICITY AND GEO-
LOGIC STRUCTURE IN THE SOUTHERN CALIFORNIA
REGION, by C. R. Allen, P. St. Amand and others.
[1985] [45)p. incl. diagrs. tables, refs. (AFOBR-85-
2914) (In cooperation with Naval Ordnance Test ation,
China Lake, Calif.) (Sponsored jointly by Air Force
Office of Scientific Research under AF 49(638)1337 and
National Science Foundation) AD 621721

Unclassified

Also ?ushed in Bull. Seismol. Soc. Amer., v, 55:
53-797, Aug. 5.

Data from 10,126 -arthquakes that occurred in the
southern California region between 1934 and 1963 have
been synthesized in the attempt to understand better their
relationship to regional geologic structure, which is here
dominated by a system of faults related mainly to the

San Andreas system, Most of these faults have been
ccnsidered 'active' from physiographic evidence, but
both geologic and short-term seismic ceiteria for
‘active' versus 'imactive' faults are genes:lly inade-
quate.

225
California Inst. of Tech. Seismological Lab., Pasadena.

SURFACE WAVE RADIATION PATTERN AND SOURCE
MECHANISM OF THE SEPTEMBER 1, 1962, IRAN
EANTHOUAKE, by F. T. Wu and A. Ben-Memhem.
[1965] [7]p. incl. diagrs. tables, refs. (AFOSR-65-
2¢i5) (AF 49(638)1337) AD 621761 Unclassified

Also published in Jour. Geophys. Research, v. 70:
3933»%1535, Aug, 1965,

Surface waves recorded at stations surrounding the Iran
earthquake of Sept. 1, 1962, were Fourier-anaiyzed;
the amplitudes were corrected for instrumental response,
geometric spreading, and absorption and are presented
as a function of azimuth and frequency. The patterns
thus derived are compared with theoretical radiation
patterns for different source types, orientation cf mo-
tion vectors, and other parameters. It is found that the
source of the Iran earthquake can be represented as a
double couple equivalent to a simistral reverse shear
fault with strike N 80" W, dip 78" to the southwest,
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slip angle 63° and a depth of 11 km. This solution

agrees well with the conclusion obtained from a first mo-
tion study. It is remarkable that solutions obtamed over

such a wide frequency range conform to each other.
(Contractor's abstract)
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California Inst. of Tech. Seismological Lab., Pasadena.

ATTENUATION OF SEISMIC ENERGY IN THE UPPER
MANTLE, by D. L. Anderson, A. Ben-Menahem, and
C. B. Archambeau. [1965] [8]p. ncl. diagrs. tables,
refs. (AFOSR-65-2916) (AF 49(638)1337) AD 616476

Unclassified

Also published in Jour. Geophys. Research, v. 70:
1341-1448, Mar. 15, 1965

The amplitude attenuation and phase dispersion for Love

and Rayleigh waves in the period range 50 to 300 sec is

determined from 2 earthquakes by digital techniques. A

distribution of Q, or anelasticity, is determined for the
upper mantle which satisfies the amplitude decay data
for Love and Rayleigh waves and which is consistent
with available body wave data. Anargument 1s made
for a longitudinal wave Q of about 2. 4 to 2, 6 times the

Q for shear waves. This implies that very small losses

are nvolved in pure compression compared to the
losses in shear. This is an argument against the im-
portance of certain mechan:sms, such as thermoelastic
losses, in the mantle. The Q for shear waves in the
upper 400 km of the mantle seems to vary from about
50 to about 150. The Q for mantle Rayleigh wavee is
greater than the Q for mantle Love waves, both theo-
retically and experimentally, However, it is predicted
that QR becomes less than QL at some period shorter

than 50 sec, the c1ossover period being diagnostic of the

thickness of the 'Q crust' or lithosphere. (Contrac-
tor's abstract)
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California Inst. of Tech. Seismological Lab., Pasadena.
SEISMIC DIGITAL DATA ACQUISITION SYSTEMS, by
S. W. Smith. [1965] [6]p. incl. diagrs. (AFOSR-65-
2918) (AF 49(638)1337) AD 618780 Unclassified

Presented at Symposium on Theory and Computers,
Moscow and Lemngrad (USSR), May 15-21, 1964.

Also published in Rev, Geophys., v. 3, 151-156, Feb.
T965.

Two digital seismograpnh systems 1n current operation
are described. Together they provide high quality data

for experiniental studies of earth tides, free oscillations,

surface waves, and teleseismic body waves. A bioad-
band system sampling 3 compenents 10 times per sec
covers the frequency range between 0. 003 and 3. 0 cps,
and a long-period sys‘em sampling each of 10 chanrels
every 15 sec covers the range between 0, 0 and 0. 01 cps.
The broad-band system can be used to simulate any de-
sired standard seismograph and provides greater dy-
namic range anc more flexibility than most existing

seismographs. The long-period system 18 currently
Yeing used for a free oscillation experiment in which
strain and pendulum seismographs record together.
(Contractor's abstract)
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Cahfornia Inst. of Tech. Seismological Lab., Pasadena.

DETERMINATION OF SOURCE PARAMETERS BY AM-
PLITUDE EQUALIZATION OF SEISMIC SURFACF
WAVES. 2.RELEASE OF TECTONIC STRAIN BY UN-
DERGROUND NUCLEAR EXPLOSIONS AND MECHA-
NiSMS OF EARTHRNUAKES, by M. N. Toksbz, D. G.
Harkrider, and A. Een-Menahem. [1965][16]p. mcl,
diagrs. tables, refs. (AFOSR-65-2921) (AF 49(638)-
1337) AD 613864 Unclassified

Also published 1n Jour. Geophys. Research, v. 70:
907-922, Feb. 15, 1965.

The radiation patterns of Love and Rayleigh waves from

3-nuclear explosions are studied to determine the nature

of the asymmetry of radiation and the mechanism of
Love wave generation. From a comparative study of
different explosions it is reasoned ihat the Love w vrs

are generated at the source of the explosion The source

function, represented as the superimposition of an iso-
tropic dilatational component due to the explosion and a
multipolar component due to the release of tectonic
strain energy, 1s consistent with the observed radiation
patterns and the amplitude spectrums The amount of
seismic energy due to the strain release 15 computed.
In son.e cases it is found that this energy may be due to
the relaxation of the pre-stressed medium by the explo-
sion-formed cavity. It has been concluded that the ex-
plosion must have triggered some other strain release
mechanism, such as an earthquake, The amplhitude
equalization method is : »plied to surface waves from
an earthquake to determine the source parameters.
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C~fornia Inst. of Tech. Seismological Lab., Pasadena.

UPPER MANTLE STRUCTURE OF WESTERN NORTH
AMERICA FROM APPARENT VELOCITIES OF P
WAVES, by M Niazi and D. L. Anderson. May 1965,
33p. incl. diagrs. tables, 1efs (Contribution no. 1346)
(AFOSR-66-0117) (AF 49(638)1337) AD 616298
Unclassified

Also published in Jour. Geophys. Research, v. 70,
4633-4640, Sept. 15, 1965,

Variation of the compressional velocity with depth in the
C-region of the upper mantle in Western North America
is studied. Apparent velocities of first arrivals across
the Tonto Forest Array i1n Arizona were determined for
about 70 shallow focus earthquakes. The epicenters
range from 10° to 30° 1n distance and are mostly south
of the array The method gives the slope of the travel
time curve directly, the parameter required for a ve-
locity-depth determination. For this distance range 1t
1s found that although the slope of the P travel time
curve decreases substantially with distance, . e. ,
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mcreasing apparent velocity, the variation is not uni-
form. Two relatively abrupt changes are observed at
distances of about 17° and 24°.. These are most readily
interpreted as two second order discontinuities in the
region of the mantle above 1000 km. Assuming an
average crustal structure as derived from seismic re-
fraction measurements and taking the uppermost 200 km
of the mantle given by Gutenberg or Jeffreys, various
possiblities are explored for the form of variation of
the P wave velocity with depth, The discontinuities in
the rate of change of velocity with depth which cause the
observed breaks in the apparent velocity curve are
found to be at depths of about 320 and 640 km. Although
no absolute times are required in the method the travel
times for the various derived models are computed and
compared with standard tables. (Coatractor's abstract)
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California Inst. of Tech, Seismological Lab., Pasadena.

A NOTE ON TUE EXISTENCE OF RELATIVE MAXIMA
AND MINIMA 7 PHASE VELOCITY CURVES, by E. N,
Thrower and D. G. Harkrider. [1965] [4]p. incl, diagrs.
(AFOSR-66-0425) (AF 49(638)1337) AD 62716
Unclassified

Also published 1n Bull. Seismol. Soc. Amer., v. 55:
971-974, Dec. 1965.

Phase and group velocity dispersion curves for funda-
mental Rayleigh waves have been computed with more
precision than previously attempted. The new curves
show a relative minimum in phase velocity at periods
near 50 sec for 4 perturbed Gutenberg continental
models. (Contractor's abstract)
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Califorma Inst. of Tech. Seismological Lab., Pasadena.

CRUSTAL STRUCTURE IN EAST ANTARCTICA FRCM
SURFACE WAVE DISPERSION, by G. Dewart and M. N,
Tokstz. [1965] [13)y. ircl. diagrs. tables, refs.
(AFOSR-66-0426) (Sponsored jointly by Air Force Office
nf Scientific Research under AF 49(638)1337 and Natio-
nal Science Foundation) AD 628463 Unclassified

Also published in Geophys. Jour. Roy Astronom. Soc.,
v, 10: 127-139,71965.

The structure of the Earth's crust and the upper mantle
1n East Antarctica are investigated using the dispersion
properties of both the Love and the Rayleigh waves.

The group velocities of surface waves between 15 and 70
suc periods are measured over several paths crossing
Antarctica from Sandwich Arc and Drake Passage .o
stations of Wilkes and Mirny. Theoretical dispersion
curves are computed for various crust ond upper mantle
models. The structure that fits the Rayleigh and Love
wave data equally well is characterized by a 42 km thick
crust and low (7. 85 km sec) sub Moho velocities. The
average thickness of the ice layer over East Antarctica,
between Princess Martha Coast and Wilkes Station, is
determined to be about 3 km. The general problem of

\53<

non-uniqueness in group velocity inversion is also
discussed. (Contractor's abstract)
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California Inst, of Tech. [Seismological Lab. ] Pasadena.

THE Sa PHASE FROM THE HINDU KUSH EARTHQUAKE
OF JULY 6, 1862, by J. N. Brune, ([1965][15]p. incl.
diagrs. table, refs, (AFOSR-€6-2401) (Sponsored
jointly by Air Force Cambridge Research Laboratories,
Air Force Offfce of Scientific Research under AF 49-
(638)1337 and U, S. Coast and Geodetic Survey)

AD 638278 Unclassified

Also nglished in Pure and Appl. Geophys., v. 62,
- ’ 9 .

The Hindu Kush earthquake of July 6, 1962 produced an
Sa phase (vertical component or Rayleigh type) which
was clearly recorded at stations in North America in
the distance range 90° to 110°, The propagation of this
phase is studied in detail, both by the usual method of
measuring velocity of first arrival and also by determin-
ing group velocities from the derivative of the phase of
the Fourier transform (in the period range 20 to 80
seconds). The energy in the Sa phase propagates in a
manner intermediate between that of a single ray and
that of a single isolated mode, The expected interfer-
ence effects which vary as a function of distance are
observed and complicate a straight-forward measure-
ment of group velocities. The results are most relia-
ble if only the group velocities corresponding to parts
of the spectra with relatively high amplitudes are used.
The results show a regional variation in the velocity of
the Rayleigh type Sa for continental areas, being higher
under shield areas than under areas of more recent
tectonic activity., The results are compared with theo-
retical calculations for the Gutenberg, Jeffreys-Bullen
and Canadian Shield models of the Earth and the results
indicate regional variations in shear velocity in the
upper mantle extending to depths of several hundred
km under continents. (Contractor's abstract)
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California Inst. of Tech. Seismological Lab., Pasadena.

MECHANISM OF DEEP EARTHQUAKES FROM SPEC-
TRUMS OF ISOLATED BODY-WAVE S.GNALS. 1.
THE BANDA SEA EARTHQUAKE OF MARCH 21, 1964,
by T.-L. Teng and A. Ben-Menahem. [1965] [14]p.
incl, diagrs. table, refs, (AFOSR-66-0465) (AF 49-
{638)1337) AD 626242 Unclassified

Also published in Jour. Geophys. Research, v. 70:
5157-?176, Oct. 15, 1965.

Spectrums of teleseismic body waves have been ob-
tained for the period 1ange 20-100 sec from the records
of a group of USCGS standardized seismograph stations
around the source of a deep-focus earthquake in the
Banda Sea. Corrections were applied for all the fac-
tors which took part in shaping the waveform of the
signal during the course of propagation, and the spec-
trums were extrapolated to the vicimty of the source
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according to the equalization procedure described 1n a
previous paper, Radiation patterns drawn from the
corrected P wave spectrums over the above period range
show that the spatial factor of the source function is in-
dependent of frequency up to 0.1 cps. Through a com-
parison of the empirical radiation patterns with those
calculated from an assumed double-couple point source,
it was possible to determine the source parameters.
These are in good agreement with the solution furmshed
by first motions. Similar results from S waves confirm
the double-couple assumption. All the corrected spec-
trums confirm the theory that the gross structure of the
source time function is of the form (1 — e-t/7)H(t), with
0 - r 510 sec. From the equalized amplitudes, a quan-
tity Lgds (source displacement times the area of a vir-
tual fault plane), 1s found to be 0, 125 km®. Further, by
the concept of eqt ivalent source theory, a virtual mo-
ment of a volun.e source can be deduced which leads 1na
simple way to the total energy of the source. (Contrac-
tor's abstract)
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California Inst., of Tech. Seismological Lab., Pasadena.

OBSERVED ATTENUATION AND Q VALUES OF SEIS-
MIC SURFACE WAVES IN THE UPPER MANTLE, by
A. Ben-Menahem. [1965][11]p. incl, diagrs. tables.
reis. (AFOSR-66-0467) (AF 49(638)1337) AD 625959

Unclassified

Also published in Jour. Geophys, Research, v. 70:
IGH-%%H, Sept. 15, 1965.

Attenuation coefficients and Q values of Love and Ray-
leigh waves in the period range 50-330 sec have been
derived from the amplitude spectrums of these waves.
Data were obtained from surface wave signals of 12
earthquakes recorded at Pasadena and some other
USCGS standardized stations on a variety of seismo-
graphs. The resulting absorption parameters, as
determined from all seismic events, show a mean scat-
ter of about 10%. Nevertheless, data from each event
indicate a systematic higher attenuation {lower Q) for
Love waves than for Rayleigh waves, The attenuation
coefficients for both waves tend to increase almost
linearly with frequency, and the corresponding @ func-
tions are slowly varying in the period range 50-150 sec,
with mean values QL = 105 and QR = 145. In contradis-
tinction to the phase velocities, there is not evidence yet
for a persistent difference in attenuation of mantle sur-
face waves under oceans and continents,
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Caltfornia Inst. of Tech. Seismological Lab,, Pasadena.

REGIONAL SEISMICITY AND SEISMIC WAVE PROPA-
GATION FROM RECORDS AT THE TONTO FOREST
SEISMOLOGICAL OBSERVATORY, PAYSON, ARIZONA,
by S. ¢ Duda. [1965][3%]p. incl. diagrs. tables, refs.
({AFOSR-66-2407) (Sponsored jointly by Air Force
Cambridge Research Labs., and Air Force Office of
Scientific Research under AF 49(638)1337) AD 316618
Unclassified

~ 54 <

Also published in Ann, Geophys., v, 18: 365-397, 1965.

The records of the Tonto Forest Seismological Observa-
tory near Payson, Ariz., were 1sed to investigate the
applicability of an array station for the study of local
seismicity and seismic wave propagation at short epi-
central distances. Inferences are drawn about the seis-
micity of Ariz. and the characteristics are given for 2
earthquake sequences, in Imperial County, Calif. and

i Baja,Calif. The records of the earthquakes and a se-
lection of quarry blasts are used tor the study of the
propagation of crustal waves.
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Cahforma U. Dept. of Astronomy, Berkeley.

THERMODYNAMICS OF A SOLAR COMPOSITION
GASEOUS MIXTURE, by M. S, Vardya. [1965][9}p.
imcl. tables, refs. (AFOSR-65-2199) (AF AFOSR-63-
171) AD 625535 Unclassified

Also published in Monthly Notices Roy. Astronom. Soc. .
v. 129; 205-213, Oct. 1965.

Computation of several thermodynamic quantities were
carried out for a gaseous mixture of solar photuspheric
chemical composition containing hydrogen in 5 states
Hy', Hg, H, H™ and H*)-helium and 16 other elements
in multiple 1on1zation states and with radiation effects
included. The discrepancy on various thermodynamic
quantities of the neglect of Hz+ and H", of metals and
of radiation pressure were estimated. (Contractor's
abstract)
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Calitorma U. [Dept. of Astronomy] Berkeley.,

STUDIES IN STELLAR EVOLUTION, [ THE INFLU-
ENCE OF INITIAL CNO ABUNDANCES IN A STAR OF
MASS 2.3, by P. Bodenheimer, J. E. Forbes and
others. ['965](21]p. incl. diagrs. tables, refs.
(AFOSR-65-2818) |[AF AFOSR-63-171] AD 627966
Unclas:iied

Also published in Astrophys. Jour., v. 1412 1018-1042,
Apr. 1065.

A series of cvolutionary sequences hav . been calcu-
lated for a configuration of mass 2.3 'nagnitude. They
cover late pre-main-sequence and main-sequence evo-
lution and differ 1n their initial chemical compositions.
Sequence I begins with concentrations of C, N, and O
similar to observed atmospheric values published for
stars predominantly of Population . The C/'Nand O N
ratios are considerably in excess of their equilibrium
values, and there is found to be a pre-main-sequence
adjustment period of carbon burning causing an addi-
tional pre-main-sequence dip in luminosi'y on the
Hertzsprung-Russel! diagram. Sequence !V shows that

1e dip becomes less marked if the total heavy-eclement
concentration 1s reduced. Sequence II begins with near-
ly equilibrium abundances of €12 and N14 and the car-
bon dip 15 not seen. Sequence IIl illustrates the effect
of increasing the O/N ratio and confirms that 016 15

. it
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cnly very graduaily converted to CN 1sotopes, The phys-
ical approaches and approximations used 1n these cal-
cuvlations are described in a series of appendices, They
are interded to supplement the basic discussion of the
numerical technique, They treat the equation of state,
opacity, <hemical composition changes due to hydrogen
burmng, chemical humogenization of convective regions
and the obtaining of a starting configuration for an evo-
lutionary sequence. {Contractor's abstract)
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Califorma U. Dept. of Astronomy, Berkeley.

[ATMOSPHERIC MODELS OF THE CENTRAL STARS
OF PLANETARY NEBULAE] Atomosphiren von Zen-
tralsternen planetarischer Nebel I*, by K.-H. Béhm
and W, Deinzer, [1965] [19])p. incl. diagrs. tables,
refs., (AFOSR-66-0371) (AF AFOSR-63-171)

AD 641291 Unclassified

Also published in Zeitschr, Astrophys., v. 61+ 1-19,
1965.

The calculation of atmospheric models for the central
stars of planetary nebulae 1s discussed. The determi-
nation of the effective temperature Te“ and the surface

gravity g for these stars is based on O' Dell's (1963)
recent data. A Fortran program was developed for the
purpose of solving simultaneously the equations of hy-
drostatic and of nongrey radiative equulibrium, The
program includes the calculation of the monochromatic
absorption coefficients due to H, Hel, Hell, CHI, CIV,
NIII, NIV, NV, Olll, OlV, OV, Nell, Nelll, NelV, NeV.
Radiation pressure was taken into account. The equa-
tions of nongrey radiative equilibrium are solved vy
Lucy's (1964) iteration method; this is espe:ally con-
vement if electron scattering becomes important.
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California U. Dept. of Astronomy, Berkeley.

STUDIES IN STELLAR EVOLUTION. II. LITHIUM
DEPLETION DURING THE PRE-MAIN-SECUENCE
CONTRACTION, by P. Bodenheimer. [1965] [11]p.
incl. diagrs. tables, refs. (AFOSR-66-0383)

(A¥ AFOSR-63-171) AD 629682 Unclassified

Also published 1n Astrophys. Jour., v. 142: 451-461,
Aug.” 15, 1965,

Pre-main-sequence theoretical evolutionary tracks have
been calculated for configurations of €6 different masses
between 500 and 1200 solar masses in order to deter-
mune the extent to which lithium is destroyed in the con-
vective envelopes as a function of mass. The evolu-
tionary sequences are started with an itial amount of
hithium based ¢n observed abundances. At each time
step in the calculation, reaction rates are calculated in
detail, and the resulting chemical compositions are
homogenized over the convective envelope. The evolu-
tionary tracks are carried over to the main sequence in
order to provide a basis for comparigson with recent ob-
servations of lithiu.n abundances in main-sequence stars
in the Hyades cluster and in the solar neighborhood.

> 55 ¢

The theoretical depletion as a function of position on the
main sequence agrees well with the genera! trend of the
observatirus, for calculations based both on the solar
masgs-luminoeity relation and on the mass-luminosity
relation that has been observed for the Hyades. (Con-
tractor's abstract)
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California U. Dept.. of Astronomy, Berkeley.

STUDIES IN STELLAR EVOLUTION. III. THE CALCU-

LATION OF MODEL ENVELOPES, by L. Henyey, M. S,
Vardya, and P. Bodenheimer. [1965] 14 p. incl. diags.
refs. (AFOSR-66-1271) (AF AFOSR-63-171)

AD 641297 Unclassified

Also published in Astrophys. Jour., v. 142" 841-854,
ct, 1, .

The formal theory underlying cxisting techniques for
representing the superadiabatic layers in convective
envelopes was re-examined. Particular emphasis was
placed on the discussion of points of uncertainty and
possible controversy. The analysis was carried out in
a form which permitu the formulation of certain con-
stants, the arbitrariness of whose values represents
the inherent uncertainty in the theory. Parallel calcu-
lations based on different values of these constants lead
to a quantitative evaluation of their effect upon evolu-
tionary tracks in the Hertzsprung-Russell diagram.
Marked effects result from uncertainties in the ratio of
mixing length to scale height and possibly from inade-
quate knowledge concerning opacities at low tempera-
tures. (Contractor's abstract)

241
California U, [Dept. of Astronomy] Berkeley.

THE TIME EVOLUTION OF AN H II REGION, by W. G.

Mathews. [1965][21]p. incl. diagrs, tables, refs.

(AFOSR-66-1582) (AF AFOSR-63-171) AD 641298
Unclassified

Also published in Astrophys. Jour., v. 142: 1120-
1140, Oct. 1, 1965.

The dimensions of Strémgren spheres when stellar
black-body radiation is first saturated by recombina-
tions are compared to the dimensions of Stromgren
spheres in pressure equilibrium. The time scales for
the formation of these spheres are compared with the
turn-on time for the stellar ultraviolet luminosities and
the lifetimes of various stars on the main sequence. The
mean absorption coefficient for ionizing hydrogen and
the mean photon energy are evaluated as functions of op-
tical depth at the Lvman limit. The equations of hydro-
dynamics with radative transfer and cooling by [OII]
radiation are differenced. A detailed numerical solu-
tion is made for a 30 ® ~ star that moves onto the main
sequence with the effective temperature and ultraviolet
photon luminosity determined from accurate pre-main-
sequence evolution tracks of Bodenheimer, On the

main sequence Ts = 41958°K and @ = 8,75 x 1048
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ultraviolet photons/sec. The star i8 : ssumed to form

in an infinite medium of neutral hydregen at rest at
100°K. The complete run of gas velocity, density, tem-
perature, pressure, degree of fonization, photon flux,
and optical depths are given at time t = 0.919 x 104,

3.07 x 104 and 6. 18 x 104 years, It is found that 2 sharp
maximum in the gas temperature follows the jonization
front. The cooling by [0II] radiatiun immediately behind
the front and the gradual rise in the equilibrium ‘cu.-
perature observed outward from the star kee:. the ve-
locity of most of the jonized gas in the HII region <0 1
km/sec. At t = 6. 16 x 104 years a strong shock 18 mov-
ing ahead of the ionization front into the neutral gas. .-
lowances for cooling in the neutral gas and magnetic
fields are not made. (Contractor's abstract)

242
California U. Dept. of Astronomy, Berkeley.,

PRESSURE BROADENING AND OPACITY IN THE M,V
STAR HD95735, by M. S. Vardya and K, -H, Béhm,

[1965] 6p. incl. diagrs. table, refs. (AFOSR-66-1592)
(AF AFOSR-83-171) AD 641295 Unclassihied

Also ﬁushed in Monthly Notices Roy. Astronom. Soc.,
v. : 89-94, Oct. -Dec. 1965,

The possibility that unknown sources of opacity may ex~
ist in the M2V spectral class star, HD85735, has been
investigated. The factor by which the known sources of
opacity should be multiplied to obtain the opacity ob~
taining in the star is estimated by comparing the total
pressure obtained from model atmosphere and that from
pressure broadened wings of 24227 line of Cal. This
factor is cluse to unity if the effective temperature of
the star is about 3400°K, and it increases for lower
effective temperaturezs  The effect of metal abundance
has 2180 been conside: ad.

243
California U, Dept. of Astronomy, Berkeley.

PRESSURE DiSSOCIATION AND MOLECULAR HYDRO-

GEN, by M. S. Vardya. [1965](6]p. incl. tables, refs.

(AFOSR-66-1593) (AF AFOSR-63-171) AD 641296
Unclassified

Also ?blished in Monthly Notices Roy. Astronom. Soc.,
V. : 345-350, Feb. 1865,

The partition functions for molecular hydrogen, with an
estimate of pressure dependence included, were calcu-
lated, using extension of Heitler-London theory to 3
electron system. These partition functions were used to
evaluate the equilibrium constants and internal energies
for H, as a function of temperature and pressure, Ta-
bles 0’! partition functions, equilibrium constants and in-
terna' energies have been given for T = 1000° to 15000°K

and for pressures as highas 7.7 x 108 dyn/cmzh

~ 56
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California U, Dept. of Chemistry, Berkeley.

INFRARED SPECTRUM AND VIBRATIONAL ASSIGN-
MENT FOR CHLORINE MONOXIDE, Cl30, by M. M.
Rochkind and G. C. Pimentel. {1965][8p. incl. diagrs.
tables, refs. (Sponsored jointly by Air Force Office of
Scientific Research under AF 49(638)944 and National
Science Foundation) Unclassified
Publhished 1n Jour, Chem  hys., v. 42: 1361-1368,
Feb. 15, 1955,

Infrared studies of chlorine monoxide (0‘6 and o 5) m
the region 200-4000 cm-1 for both gas and condensed
phases are presented. The spectra require reassign-
ment of the stretching fundamentals and reveal the pre-
viously unknown bending fundamental. The new assign-
ment (sohd phase. .1 = 630.7, vg = 296.4, v3 = 670.8

cm'l) results in a new value for the C1-O bond stretch-
ing force censtant, l{r = 2. 75 mdyn/A, which is strik-

ingly lower than values previously cited. The bond in
chlorine monoxide is proposed as the prototype Cl1-O
single bond. The low stretching-force constant indi-
cates little ionic character in the C1-O bond, in dis-
agreement with conclusions based on nuclear quadru-
pole coupling data. (Contractor's abstract)

245
California U Dept of Chemistry, Berkeley.

MATRIX PHOTOLYSIS PRODUCTS OF DIAZOMETH-
ANE: METHYLENFIMINE AND HYDROGEN CYANIDE,
by C. B. suvore, G. C. Piumentel, and " D. Goldfarb.,
{1965} (8. incl diagrs. tables, refs. (Sponsored
jointly by Air Force Office of Scientific Research under
AF 49(638)944, and Petroleum Research Fund)
Unclassified

lf-’ql_‘»ll_shng i Jour. Chem. Phys., v. 43: 63-70, July 1,
965.

Photolysis of diazomethane dimers 1n solid nitrogen
produces methylenetmine, H9CNH, and HCN, as shown
by infrared spectral study. The HCN frequencies show
that it forms a strong hydrogen bond to the imine. Deu-
terium and 15N isotopic substitutions aid in the vibra-
tional assignment of HZCNH. Normal coordinate anal-
ysis indicates that this prototype C=N stretching force
constant is (8.32 0 5) x 10° dyn/cm despite difficulties
1n obtaining a satisfactory fit to all of the ohserved fre~
quencies.
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California U, Dept. of Chemistry, Berkeley.

SPECTROSCOPIC AND TREORETICAL STUDIES OF
MOLECULES WiTH BONDING WHICH DEVIATES FROM
NORMAL VALENCE RULES, by G. C, Pimentel. Fmal
rept. Mar, X, 18681-Feb, 28, 1865, 11p. wci. refs.
{AFOSR-£3-0085) {AF AFOSR-63-332] AD €10160
Unclassified
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Spectroscopic studies were made of the reactivity and
molecular structure of free radicals and reactive mole-
cules using the matrix isolation method. Spectroscopic
studies were made of stable molecules selected to de-
velop and expand the applicability of the matrix isolation
method. New and novel spectroscopic techniques were
developed to facrlitate future infrared studies of chemi-
cal species with extreme reactivity.
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California U, Dept. of Chemistry, Berkeley.

GAS-LASER FREQUENCY SELECTION BY MOLECU-
LAR ABSORPTION, by C. B. Moore. (1965] [2]p. incl.
diagr. (Sponsored jointly by Air Force Office of Scien-
tific Research under [AF AFOSR-63-332] and National
Science Foundation) Unclassified

Pubhished i Appl. Opt., v. 4: 252-253, Feb. 1965.

The frequency of a Ne-He laser operating at the 2947, 90

em™! (3.3923-y) 3s, - 3p transition was changed to the
nearby frequency of the 2948. 79 em! (3. 3912-4) 352 -

sz transition by placing CH4 in the optical resonator

and achieving a power level 40% above normal. The use
of gas-phase molecular absorption within the laser cavity
can discriminate efficiently between 2 frequencies sepa-
rated by little more than the Doppler line width of the
molecular transition. This discrimination is done with-
out introducing into the optical resonator any extra op-
tics or losses at the frequency of the desired transi-
tion, as presented 1n an example.

Published in Jour. Chem. Phys., v. 43; 507-516,
July 15, 1965,

Hydrazoic actd labeled with deuterium and 15N was
photolyzed in solid nitrogen at 20°K. The 15N multi-
plet splitting positively identifies absorptions of pho-
tolysis products as those of trans-NqHg (at 1286 cm'l),
trans-HNND (ac 1181 and 1058 cm=1), trans-NyD, (at
946 cm-1), and cis-NoH, (at 3074 and 1279 em~1). The
spectrum of trans-Nzuz 18 in agreement with a planar
symmetric structure and the vibrational frequencies are
quite close to corresponding vibrations of ethylene.
Imidogen, NH, was also observed in both solid argon
and 1 solid nitrogen as another photolysis product.

The 15% splitting in the a:amonia absorption shows that

the ammoma dimer in solid nitrogen has a cyclic
structure.
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INFRARED DETECTION OF REACTIVE SPECIES FRO-
DUCED THROQUGH FLASH PHOTOLYSIS, by G. C.
Pimentel. [1965][7]p. incl. diagr. table, refs.

|AF AFOSR-63-332] Unclassified

Presented at Eighth European Cong. on Molecular Spec-
troscopy, Copenhagen (Denmark), Aug. 14-20, 1965.

Published in Pure and Appl. Chem., v. 11: 563-569,
1985

A review 1S given of rapid-scan ir spectroscopy, in-
strumentation, an assessment of results, and pros-

248 pects for the future.
Califorma U, Dept. of Chemistry, Berkeley.
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HC1 CHEMICAL LASZR, by J. V. V, Kasper and G, C.
Pimentel, [1965][3]p. incl. diagrs. tables.,
(AF AFOSR-63-332) Unclassified

Published 1n Phys. Rev, Ltrs., v. 14: 352-354, Mar. 8,
1965,

Stimulated emission from HCI due to selective vibra-
tional excitation from chenucal reactions from a Raman-
type multiple reflection cell and from a quartz laser tube
were recorded and studied. Results indicated that the
em1ssion provides a new avenue to the determination of
energy distribution among degrees of freedom in chemi-
cal reactions.

249

Califormia U, Dept. of Chemistry, Berkeley.

INFRARED DETECTION OF DIIMIDE, N2H2, AND
IMIDOGEN, NH, BY THE MATRIX ISOLATION METH-
OD, by ¥ Rosengren and G. C. Pimentel, [1965][10p.
incl diagrs. tables, reis (AF AFOSR-63-332)
Unclassified

57 «

Calfornia U. Dept. of Chemistry, Berkeley.

INFRARED SPECTRA OF SOLID a AND -“-OXYGEN,

by B. R. Cairns and G. C. Pimentel. [1865] [7]p. incl.

diagrs. tables, refs. (AF AFQOSR-63-332)
Unclassified

Published in Jour, Chem, Phys., v. 43: 3432-3438,
Nov. 15, 1965.

The spectrum of solid «-oxygen deposited at 15° or
20K consists of a sharp absorption centered at 1549

em-! (half-width ~ 4 cm'l) and a more 1ntense, broad
absorption (half-width ~ 45 cm=1) with well-defined

peaks at 1591 and 1617 em-1, Warming through the
n-- phase transition (at 24' K) causes the broad band to
become more diffuse. Recooling restores the low-
temperature spectrum and shows that the o-~ transition
is rapid and reversible. Slow deposition at 4' K gives
an imperfect solid in which the sharp feature is very
much intensified The broad band is due to combina-
tions involving translational lattice modes; the sharp
feature is apparently the 02 fundamental appearing be-

cause of lattice imperfections. The --oXygen spectrum

B AT o o e A




L

AIR FORCE SCIENTIFIC RESEARCH

indicates intermolecular force constants of 0. 024 and
0,013 mdyn/A and the a-oxygen spectrum is consistent
with a site symmetry of Cay, in a space group of

CZhl' None of the spectra, including those of isotopic
mixtures, suggests the presence of O4 molecules.
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INFRARED SPECTRUM AND VIBRATIONAL POTENTIAL
FUNCTION OF AMIDE ION, by J. W. Nibler and G. C.
Pimentel. [1965] (6]p. incl. diagrs. tables.

[AF AFOSR-63-332] Unclassified

Pyblished in Spectrochim. Acta, v, 21: 877-882, May
1985,

The infrared spectra of solid NaNHz, NaNHD, NaND, in
Nujol mulls are given. The NH,y" fundamental frequen-

cles are: vy, 3212.5; vg, 1530.5; vy, 3263.0 cm™ ",

These and the igotopic data, coupled with an estimated
N-—H bond length of 1,03 x 0. 02A (giving a bond angle
of 104.6°), yield the valence bond force constants: Ky=
5.72 x 10° dyn/cm, K, = 0.76 x 10 ergs/rad?, K,,. =
-0.11 x 10° dyn/em, K = -0.31 x 103 dyn/rad, The
K, value is quite cloge to that of water, K is about 20 ~
25% lower than that of water, and the interaction force
constants have the same signs as those of water and

similar magnitudes. Comparison to the spectra of
Hzo, HOD and Dy0 in copper chioride dihydrate sug-

gests the effect of the crystalline environment. (Con-
tractor's abstract)
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A RAPID-SCAN INFRARED SPECTROMETER; FLASH
PHOTOLYTIC DETECTION OF CHLOROFORMIC ACID
AND OF CFz, by K. C. Herr and G. C. Pimentel.
[1965] [6]p. incl. diagr. refs. (Sponsored jointly by
Air Force Office of Scientific Research under AF
AFOSR-63-332 and Petroleum Research Fund)
Unclassified

Published in Appl. Opt., v. 4: 25-30, Jan. 1865,

A rapid-scan infrared spectrometer was constructed and
successfully applied to the study of short-lived interme-
diates produced by flash photolysis. A zinc-doped ger-
manium semiconductor detector and a high-speed rotat-
ing Littrow mirror permitted scan rates of 1000
em~1/100 ysec through the region 5000-850 cm-1, Two
transient species, chloroformic acid and CFz, have been
identified, and rough estimates of their lifetimes have
been obtained, 50-70 usec and about 2.5 msec, respec-
tively. This is the first spectroscopic detection of
chloroformic acid.

~58 ¢
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ACIDITY OF HYDROCARBONS., XVI1. EQUILIBRIUM
ACIDITIES OF HYDROCARBON ACIDS IN CYCLO-
HEXYLAMINE, by A. Streitwieser, Jr, , J. L
Brauman and others. [1965] [3]p. incl. diagr. tables,

refs. (AFOSR 65-0683) (Sponsored jointly by Air Force

Office of Scientific Research under [AF AFOSR-64-554]
and Petroleum Research Fund) AD 615134
Unclassified

Also published in Jour. Amer. Chem, Soc., v. 87:
-386, Jan. 20, 1965.

Equilibrium constants were determined in cyclohexyla-
mine for reactions A~ M* + BH = AH + B~ M* 1n which
AH and BH are hydrocarbons whose corresponding car-
banions show usable spectral differences and M is
lithium or cesium. The solutions were made upona
vacuum line with careful exclusion of air and moisture
using known amounts of hydrocarbons and solvent and
amounts of lithium cyclohexylamide or cesium cyclo-
hexylamide such that measurable amounts of all 4 com-
ponents were present. The organocesium compounds
studied obeyed Beer's 1aw over a concentration range
of at least 10-fold. The lithium salts of all compounds

more acidic than p-biphenyldiphenylmethane also obeyed
Beer's law, but Beer's law correlations could not be ob-

tained for solutions of p-biphenylydiphenylmethane, tri-
phenylamide-cyclohexylamine. It is clear from the dif-
ferences between the cesium and lithium salts of these
hydrocarbons that the acidity of cyclohexylamine rela-
tive to hydrocarbons depends on the metal used. The
procedure establishes relative equilibrium acidities;
however, it is convenent to record the results as ab-
solute pK values, One of the important aspects of the
present results is their confirmation of McEwen's ap-
proximate assignments.
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ON THE BROMOPYRENES, by A, Streitwieser, Jr.,
R. G. Lawler, and D. Schwaab. [1965] [4]p. incl.
table, refs. \AFOSR-65-1672) (AF AFOSR-64-554)
AD 624329 Unclassified

Also published in Jour. Org. Chem., v. 30: 1470-1473
1965.

Treatment of 1-bromopyren: with polassium amide 1n
liquid ammonia gave a 50% yield of a 1:1 mixture of 1-
amino- and 2-aminopyrene. Sandmeyer reaction with
the latter amine gave 2-bromopyrene in low yield.
Bromination of 1,2, 3, 8, 7, 8-hexahydropyrene gave the
4-bromo derivative which was dehydrogenated at 70 C
with o-chioranil to 4-bromopyrene.
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ACIDITY OF HYDROCARBONS. XVII. KINETICS AND
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MECHANISM OF PROTON EXCHANGE OF BENZENE
AND NAPHTHALENE WITH LITHIJUM CYCLOHEXYLA-
MIDE IN CYCLOHEXYLAMINE, by A. Streitwieser, Jr.,
R. G. lLawler, and C. Perrin. [1985][7]p. incl. diagrs.
tables, refs. (AF AFOBR-64-554) Unclassified

Published in Jour, Amer, Chem, Soc., v. R7: 5383-
5388, Dec., 1965.

Benzene-t (benzene that has been quenched by phenyl-
magnesium bromide with tritium-enriched 1)20) ex-

changes with litmum cyclohexylamide (LiCHA) 0. 01 as
fast as toluene-a-t ({toluene with tritium enriched D,0

an alpha carbon), The kD/k,r isotope effect is compara-

tively small (1. 6). Kinetic studies are reported of the o
and - positions of naphthalene and the mechamsm of the
exchange reaction is discussed.
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Calhforma U. Dept. of Chemistry, Berkeley.,

ACIDITY OF HYDROCARBONS, XVIII. EXCHANGE RE-
ACTIONS OF POLYCYCLIC AROMATIC PROTONS WITH
LITHIUM CYCLOHEXYLAMIDE, by A. Streitwieser, Jr.
and R. G, Lawler. [1965][7]p. incl. diagrs. tables,
refs. (AF AFOSR-64-554) Unclassified

Published 1n Jour, Amer. Chem. Soc., v, 87 £388-

5399, Dec. 1965.

Relative rates of deuterium or tritium exchange with
lithium cyclohexylamide were determined for various
pustitions in benzene, naphthalene, phenanthrene, anthra-
cene, and pyrene and have been found to span a relative
rate range of almost 50-fold. The effect of structure on
these rates 1s considered 1n tcrms of cartene resonance
structures and molecular orbital polarizabilities, but

the best correlation is with an inductive effect model
based on a sumple classical picture. (Contractor's
abstract)
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ACIDITY OF HYDROCARBONS. XX, COMPARISON OF
RELATIVE PROTON EXCHANGE RATES OF HYDRO-
CARBONS WITH LITHIUM CYCLOHEXYLAMIDE AND
CESIUM CYCLOHEXYLAMIDE, by A. Streitwieser, Jr.,
R. A. Caldwell and others. [1985) [4]p. incl. diagrs.
tables, refs. (Sponsored jointly by Air Force Office of
Scientific Research under AF AFOSR-64-554 and Petro-
leum Research Fund) Unclassified

Published in Jour. Amer. Chem. Soc., v. 87: 5399-
5402, Dec. 1965.

Absulute rate constants for exchange of aryl hydrogens
i toluenc vary over a wide range with ithium cyclo-
hexviamide LICHA or cestum cyclohexylamide CsCHA in
tyclohexylamine or with KNHZ in liquid ammonia but
relative rates are much the same in the difierent sys-
tems. There 15 Little steric hindrance to exchange ortho
to the methyl group. The relative rates of some

benzylic positions are also comparable for these ex-
change systems. The results justify the use of such
relative rates as measures of hydrocarbon acidity.,
{Contractor's abstract)

259

California U,

~ 59 ¢

[Dept. of Mathematics] Berkeley.

PERFECT CLOSURES OF RINGS AND SCHEMES, by
M. J. Greenberg. [1965] [5]p. (AFOSR-65-2604)
(AF AFOSR-63-121) AD 626703 Unclassified

Also published in Proc. Amer. Math, Soc., v. 16:
313-&?7, Apr. 1965,

A (commutative) ring A of characteristic p > 0 is said
to be perfect if the endomorphism F given by F(a) =

aP is bijective. It is shown that every ring A has a
perfect closure, that is, there is a perfect ring A*, and
a homomorphism &: A ~ A*, such that for any perfect
ring B, and any homomorphism ¢- A -~ B, there is s
unique ¢*; A* ~ B with 4 = ¢*¢, The author lists various
elementary properties of the operation of perfect clo-
sure, and applies them to preschemes. A prescheme
(¥, Q) is called perfect if the pth power endomorphism
F of @, is bijuctive. Every prescheme X has a perfect
closure, which ig a perfect prescheme X* with a mor-
phism ¢: X* - X satisfying a universal property similar
to the one above, (Math. Rev. abstract)
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AN APPROACH TO THE ENUMERATION PROBL EM
FOR NON-STABLE VECTOR BUNDLES, by 1. James
and E. Thomas. [1965][21]p. incl. refs, (AFOSR-
€6-0008) (AF AFOSR-63-336) AD 630898
Unclassified

Also published 1n Jour. Math. and Mech., v. 14: 485~
506, May 1985.

Let [X, Y] denote homotopy classes of maps of X into Y.,
Let p: F - B be the fibre space induced from the path
space over C bya mapf: B - C. Nomura's mapping se-
quence ends with A, OC] <{A, EP* - [A, B] ~[A, C],
where the last three are only sets but the group [A, AC)
acts on [A, E]as a transformation group and exactness
at this point means p_n = p_n' if and only if there is

y ¢lA, $1C] such that n' = y-n. It is known that the set
p.'lg may depend on the element £, The authors give a
construction for analyzing this dependence in certain im-
portant cases. Specifically, they construct a homomor-
phism A({f], £). [A,QB] < [A,QC] i B is an H-space and
C a topological group, and prove Theorem 1.2. Let A
be a pathwise-connected space, let B be an H-space, and
let C be a topological group. If £ ¢ [A, B|is an element
such that f_¢ is trivial, then p,~'¢ is equivalent, as a
set, to the cokernel of A([f), ¢): {A, QB] - (A, QcC].

They work out the reflection of this operation in the co-
homology of B ana C 8o as to apply it when C = K(G, q)

and hence [A, 0C] = H3-1(A, G) while [f] ¢ HY(B, G).
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The main applications areto b - SQ {although as pointed

ot by W. Sutherland, they aprely equally wellto B = BH).
Theorem 1.8, Let nbe odd and n = 3. Let £ be a stable

real vector bundlie over a comglex A, wheredim A < n +

l.. If dim A ~ n, suppose that n = 3 mod 4 and that

[ Yol ® 0. Then the number of classes of n-plane bun-

dles over A which are stably equivalent to £ 18 equal to
the order of the cokernel of A(wml ¢): (A, 0B} -~

H™A; Z4). The computations are carried out 1n one 1l-
lustrative example, that of n-plane bundles over real
projective n-space, P, Corollary 1.10. Either let n
and kbe evenor let nbe odd, n #1, 2, 7. Then the
number of classes of n-plane bundles over P? which are
stably equivalent to k,7 is equal to 1 or 2 according as
{k=1}\

in 1 is odd or even. {(Math. Rev, abstract)
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ON CROSS SECTIONS TO FIBER SPACES, by E.
Thomas. [1965] [2]p. (AFOSR-66-0032) [AF AFOSR-
$3-336] AD 631126 Unclassified

Also published 1n Proc. Nat'l, Acad. Sci., v. 54: 40-41,
Jaly 1965,

T.et M be a compact, connected, differentiable mamfold.
The author defines span (M) to be the maximal number
of linearly independent tangent vector fields on M. He
unnounces a number of results, of which some examples
are given here. Theorem: Let M be orientable and dim
M = 3 mod 4; then span (M) 2 2, Fordim M =3 ‘his is
& classical result of Stiefel. Theorem: If M is a spin-
manifold and dim M - 7 mod 8, then span (M) : 3. Fcr
complex manifolds M the author defines, 1n an analogous
way, the span of M in terms of complex linearly inde-
pendent coni.nuous vector fields. He obtains, fer ex-
ample, the following sufficient condition for span (M) -
2: The complex dimension n of M is divisible by 4, the
Chern classes ¢1(M), cy(M), cn_,(M), cp(M} vamsh, and

the Chern class cn_z(M) vanishes mod 2. A further

theorem applies to the existence of stable almost-com
plex structures on 8-dimensional manifolds, giving new
informaiion in a case studied earlier by Massey (Bull.
Amer. Math. Soc., v. 67: 559-564, 1961). The new
method of proof for the author's interesting theorems
on cross-sections relies on Postmkov invariants and
higher-order cohomology operations. It will be de-
s:ribed in a forthcoming paper. (Math., Rev. abstract)
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STEENROD SCUARES AND H-SPACES, I, by E.
Thomas. [1965]{23]p. incl. refs. (AFOSR-66-0035)
|AF AFOSR-63-336] AD 631127 Unclassified
Also published in Ann. Math. ; v, 81« 473-495, May 1965.

The author stud:es how the Steenrod squares act in an

60

h-space by reducing it in certamn important cases to a
purely algebraie problem. The main algebraic result
1s: Let A Le 2 fimtely gencrated truncated polynomial
algebra over the mod 2 Steenrod algebra. Let D be the
deal of decompusable clements. Let n and t be positive
‘n=-1-t .
\\\
S, Ap.t mod Dand S, A, = 0 mod D. Here truncated
polynoriial algebra means a polynomial algebra A~
modulo any ideal contained in (K')3. Using the pro-
jective plane of an H-space as in Part I the following
sort of rcgult is obtained Let X be an H-space whose
algebra H (X) 1s generated by a himite number of odd-
dimensional primitive classes, all of which have dis-
tinct degrees. Let Ug.1 « K2 Lix) (3 ~ 0) denote the
vrinntive class of degree 2) + 1, 1f such exists. other-
- n 8§ 21 _ 25+l
wise, set Ugy.1 Q0. Then a uz”1 i Yo(rep)el
for all1,) = 0. Moreover, if H*(X) 15 an exterior alge-
bra on odd-dimensional generators, then the above
formula descrives completely the action of the Steenrod
squares in H*(X). Stronger results, obtained by as-
suming associativity of the H-space X, use the classi-
fying space B,. (Matn Rev, abstract)

imegers such that < 1 mod 2. Then A“ -
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NONLINEAR EVOLUTION EQUATIONS IN BANACH

SPACES, by T, Kato |1965] [18]p. incl. refs

(AFOSR-66-0255) (AF AFOSR-64-553) AD 631158
Unclassified

Also published 1n Proc Symposia Appl Math v, 17
50-67, 1985,

The author discusses some results for the problem u +
A(thu = f{t, u), u(0) =, where u(t) takes values .na
Banach space X (assumed separable, although this is
not always necessary) and A(t) 1s a family of (usually
unbounded) operators 1n X. First, some standard
theorems (Picard, Cauchy-Peano) for the case A{t)

0, f(t, u) continuous 1n (t, u), are cited, and *hena re=
cent result of Browder for this case {Ann Math., v
80 485-523 1964) is indicated, where existence and
uniqueness 1n a Hilbert space X follow from the con-
tinuaty of f(.. .)and the hypothesis Re(f(t u) ~f{t, v).
u-v)* M u~v -, with {f supposed also to map
bounded sets into bounded sets. Next, some of the
main results are given (due to the author, Yosida,
Tanabe, Krasnosel'skil, Krein, Sobolevskil) concern-
ing the explicit construction of an evolution operator
U(t, s). The application of these results to the equation

Couft) = Ult, Ok + 'OtU(t, s)(s, u(s)ids 15 then indicated

under various hypotheses an . and f, The {ollowing
theorem 1s proved which generalizes a resuit of
Browder. Let X be Hilbert and [ demi-continuous from
Ix X - X(Iisannterval {0, T]), mipping bounded sets
into boutded sets, and satisfying the monotonicity type
hypothesis above, Let —A{t) be the infimtesimal gen-

erator of a contraction senugroup with (Aft) » I)“1
strongly continuoesly differentiable, and suppose that
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an evolution operator U(t, 5) exists having standard
properties (withou! specilying further explicit hypotheses
on the A(t) viiich would insure this), Then the imtegra}
equation above has a unique continuous solution for any

o ¢ X, and o0 ~ u is continuous from X - C(I, X). Some
theorems for cascs when F is “regular” relative to

A (A(t) -~ A here for convenience) are then given, and

the question of global solutions is briefly discussed.
Examples are given throughout the paper. (Math.

Rev. abstract)
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ON THE CAPACITY OF COMFOSITE CONDUCTORS, by
M. H. Protter and H. . Weinberger. |19€5][9)p. incl.
diagrs. (AFOSR-66-1206) (Sponsored jointly by Air
Force Office of Scientific Rescarch under [AF AFOSR-
64-553) and National Science Foundation) AD 641739
Unclassified

Also pubiished in Jour. Math, and Phys., v. 64: 375-
383, Dec. 1985,

Let 5 be a closed connected 2-dimensional surface in
E%, and let S; and Sy be 2 other closad surfaces lying
entirely in the interior of Sy. S;and Sz need not be

connected and may intersect, but neither is to be entire-
ly contained in the other. The authors concern them.
selves with finding inequalities relating the capacities
c, Cy, C2 of the condensers R, Ry, R2 bounded by the

surfaces Sgand S‘ u Sz, S0 and SX’ Sg 4nd 52' Main
theorem Let u, uy and Uy be the harmonic measures of
R, Ry and Rz with respect to S1 K SZ’ s‘ and 82 {the

authors use the term capacitary potential for harmonic
medsure), Also, let my, my be any constants such that

my = min ‘14 on Sz, my E u, on Sl. Then

ma(l-my)Cy + my{1~my)C
C2Cyncym 2 11Cy + my( 2)2_

I—mlm2

The theorem is proved by applying the maximum priaci-
pletcv =u - ((l~-m2)ul + (l-ml)uz)/(l—mlmz) and us-
g the fact that one can evaluate the capacity of a con-
denser (bounded by B, and Bz) by integrating the normal
derivative of the harmonit measure relative to Bl over
any sample closed surface contawning By, Similar meth-
ods are used to obtain 2 corresponding inequality i the
other direction, These inequalities are then applied in a
number of examples, and comparisons made in some
cases where the exacl value of C 18 known. (Math, Rev.
abstract)
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LOWER BOUNDS FOR SOLUTIONS OF DIFFERENTIAL

> 6] «

INBOUALITIES IN HILBERT SPACE, by H. Ogawa.
(1965] [3}p. (AFOSR-84-1397) (AF AFOSR-64-353)
AD 641736 Unclassified

Also %um in Proc. Amer. Math. Soc., v. 1€
~-1243, Dec. 19865.

Let A be an operator in a Hilbert space and let u(t) be
in the domain of A for eacht 1 (0, ). Assuming u is
strongly differentiable, Au strongly continuous and

du/dt strongly piecewise continuous, all with respect

tot, define Lu = %‘-’- - Au. Inthe case where A is

symmetric, 1. e., (Au,v) = (u, Av), Cohen and Lees ob-
tained lower bounds for solutions of difierential inequal-
ities of the forn |Lu(t)] = ®(t)ju(t)]. Assu.ming thai A
is selfadjoint, Agmon and Nirenberg found a si:apler
proof of this result, as well as some extensions, by
means of convexity theorems. The purpose of this
paper is to present still simpler proofs, assuming only
that A is symmetric, of the theorem of Cohen and Lees
for p =2 and of the extensions of Agmon and Nirenberg.
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ON ACCRETIVE BOUNDARY PROBLEMS OF THE
SECOND ORDER, by F. Wolf. [1065] [4]p. (Sponsored
jointly by Air Force Office of Scientific Research under
AF AFOSR-64-553, and Miller Insi. for Basic Research
in Science) Unclassified

Published 1n Proc. Nat'l. Acad. Sci., v. 53: 5-8, Jan.
1965,

Let By, Cq be formally hermitian, second-order partial
differential operators defined in a domain G of EP, Let
B be the Fnedr}_chs extension in L%(G) of the restric-
tion of By tc Cy {the set of infinitely differentiable
functions with compact supports). I B 18 uniformly
elliptic on any compact subdomain of G, it {8 shown,
under suitable regularity assumptions on the coeffi-
cients of By and CO' that there exists a unique exten-
sion C of Cg 8o that the operatar B + iC has the left-
hand hzlf-plane in its resolvent set. It is not required
that Cg be dominated by By, For |(Cu, u)| = Mi{(Bu,u)|
and D(C) D(B), the result was previously kaown and
easily obtained by means of the Lax-Milg.am lemma.,
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NETS OF THRESHOLD ELEMENTS, by K. Krohn and
J. Rhodes, [1965]]10)p. incl, refs, (AFOSR-66-1222)
{Spensored jointly by Air Force Office of Scientific Re-
search under AF AFOSR-65-848 and Office of Naval
Regearch) AD 641541 Unclassified

Also E%bhs_lu_‘g_ in Inform. and Control, v. 8: 579-588,
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Severa] theoretical results are obtained cancerning prop-
erties of the transition function given by a finite net of
threshold elements. In 'rticular, an exact characteri-
zation of these transition :nctions is given solely in
terms of the Boolean Ring Specializing thir result
necessary and sifficient conditions are founa that a
Booiear fusction is realizable by a single threshold ele-
ment. Alse axioms for the transition functions of
McCulioch- Pitts Nets, etc. are furnished.

Calfornia U. Dent. of Phvsics, Berkeley.

NUCLEAR SPIN OF 45d IRON-59 (Abstract), by B. M.

Dodsworth and H. A. Shugart. [1965)[1)p. {AFOSR-

65-1563) {AF AFOSR-62-346] AD 640223
Unclassified

Fresented at meeting of the Amer. Phys. Soc.,
Wasgii:eten, D, C., Apr. 26-29, 1965.

Also punlished 1n Bull. Amer, Phys. Soc., Serics 1I,
v. 16 , Apr. 26, 1965,

The nuclear spin of 45d 1ron-59 was mea: ired as 3.2 by
the atomic beam, magnetic rescmance mehod. This re-
sult ig the same as that deduced previously {from - decay
theory and is consis!ent with a shell model neutron as-

signment (73 /2;3 i 5/2)2., Tne radioactivity was produced

Ly the({t, y) reaction on natural iron metal. A tantalum
oven containing a zi. conjum oxide liner was heated by
electron bombardment to produce the beam of iron atoms.
After traversing the beam machine, the activity was col-
lected on either freshly deposited copper or sulfur sur-
faces and was counted in flow proportional ¢ counters.
Because of the integral value of the electronic angular
momentum in iron, only multiple quantum transitions
are observable in ti.e normal flop-in apparatus. Nine-
teen resonances were observed i the F = 11/2 and 9/2

levels of the 9D, electronic state at n.agnetic fields up
to approx 27 gauss. Although structure appears on the
resonance lines due to beam wnstability and possible
resolution of multiple quantum transitions, the reso-
nances indicate a nuclear spin of 3/2.

269

Califzrnia .. Dept. of Physics, Berkeley.

HYPERFINE STRUCTURE AND NUCLEAR MOMENTS
OF PROMETHIUM-140 AND ERBIUM-185, by D. Ali,
1. Maleh, and R, Marrus. {1865){5}p. incl. diagrs.
tables, refs. (Sponsored jointly by Air Force Office of
Scientitic Hesearch under {AF AFNSR-62-346) and
Atomic Energy Coramission) Unclassified

Pyblished 1n Phys. Rev , v. 138: B1356-B1360, June 21
1985,

The hypertine structure of the 5H7 .» level in 5. 3-day
Pm148 and the 3“6 irvel 1 10-h E}§65 have been meas-

ured by atomic. beam magnetic resonance. The spins
of these isotopes have been verifted to be {Pm148) 1

2682 ¢

and Er18%) . 52 The clactronic g factor for the
'"7!2 levet in Pm 48 i5 found tu ve g = -0.327801).

The byperline conslants and inferred nuclsar moments
ase given for Pm148 and for Er!65, The nuclear mo-
ments of Pmi48 were calculated from the hygerfine
constants and assumptions made coaceraing the siec-
tronic fields at the rucieus; these r.sumptians include
a 2% correction for the breakdown of Russell-Saunders
coupling, but do not include rorrections for the Sern-
heimer effect. The stated eriors mciude 2 5 uncer-
tainty for 1/e3; . The Fermi-Segre formula and the
direct measurement of the magnetic moment of Erl6
were used to calculate the dipole moment of 5,155_:

The gquadrupole moment of Er165 pas not been corrected
for the Sternheimer effect. The measurements indicate
that Pm!48 may be described by the shell model, but
that Er185 js deformed and must be interpreted by the
collective model. {Contractor's absiract, modified)
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California U. Dept. of Physics, Berkeley.

VORTICES IN AN IMPERFECT BOSE GAS. 1. THE
CONDENSATE, by A. L. Fetter. [1965}[9}p. incl.
diagrs. refs. (AFOSR-65-1342) (AF AFOSR-€3-130)
AD 622626 Unclassified

Al published in Phys. Rev., v. 138: A429-A437,
Apr. 1965.

A theoretical study of rectilinear vortices in an imper-
fect Bose gas shows a close correspondence with clas-
sical hydrodynamics. The energy and momentum of a
vortex pair in an unbounded fluid were calculated. The
similarity between a vortex pair and a vortex ring ieads
to an estimate of the critical veloeity Ve of liqud He II

in a tube of radius R that wcludes the effect of the wails
v, = CK/2mR, where C 18 o constant of order umty. A
variational treatment of a system of many 1dentical
vortices in a container shows that the energy 15 lowest
for a uniform dastribution and that the number of vor-
tices per umt area v agrees with Foyman's result v =
2mw/h. In the classical limit (h - 0), the angular mo-
mentum and energy approach the values for sohd-body
rotation. (Contractor's abstract)

71

Cawtorma U, Dept. of Physics, Berkeley

VORTICES IN AN IMPERFECT BOSE GAS. 11 SINGLE-
PARTICLE EXCITATIONS, by A. L. Fetter |i965]
I8]p. incl diagrs. tables, refs, (AFOSR-65-1343)

(AF AFOSR-63-130) AD 622848 Unclassified

Also published in Phys. Rev., v. 138 A709-A716,

May 3, 1965.

The single parti:le excitations of an irperfect Bose
gas with a vortex in the condensate are studied using
the Bogohubov approxemation. The problem i3 reduced
to an eigenvalue equation, whose solution yields both
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the single-particle caergles and the eigenfunction expan-
sion of the single-particie Green’s function. The spec-
trum of the eigenvalues containe a discrete portion
{bound states) and a continuous portion (scattering
states). The lowest cigenvalue curresponding to angular
momentum 1 =0and 1 = & | 15 determined variztionally.
In the long-wavelength limit, the eigenvalue for 1 = 2 1
agrees with the frequency of normal modes calculated by
Kelvin and Pitaevskii. The density of noncondensed par-
ticles is expressed in terms of the single-particie Green's
function and is shown to be finite at the center of the vor-
tex. (Comtractor's abstract)

2572
{Californi2 U. Dept. of Physics, Berkeley).

LOW-TZMPERATURE BEHAVIOR OF THE HEISEN -
BERG FERROMAGNET, by M. Wortis. {1965} [20]p.
incl reis. (AFOSR-65-2189) (AF A FOSR-63-130)

AD 625930 Unclassified

Also published 1n Phys. Rev., v, 138: A1126-A1145,
May I7. 1965,

Tne mechamics of spin deviations is formulated in a
simple manner, which maintasis the true spu. kine-
matics and does not mvolve the introduction of any
ariuficial interactions. A virial expansicn for the ther-
modynaics based on this mechanics, clearly dis-
tinmushes minemitical and dymamical effects. At low
temperatures, Jow-density kinencticai effects are easily
proved exponentially small. The second virial coefficient
15 computed urambiguously. Dyson's low-temperature
frcz energy is strasghtforwardly rederived. and an upper
bound 1s estimated on the validity of the associated low-
density boson picture. (Contractor's abstract)

273
Califoima U. Dept. of Physics, Berkeley.

A STUDY OF SOME APPROXIMATION SCHEMES IN
QUANTUM MECHANICS, by C. Schwartz. {1965]{15]p.
cl, diagrs. table., (AFOSR-65-2190) (AF AFOSR-63-
130) AD 625594 Unclassified

Also published 1n Ann. Phys , v. 32' 277-291, Apr. 1965.

By means of numerical examples in one dimensional
Hamiltoman problems, the behavior of the approxima-
tion scheme known as the New Tamm-Dancoff method 18
studied. It 1s concluded that for good convergence of
this, and other related methods, one should arrange to
start with a symmetric set of equations. (Contractor's
abstract)

274
Cahforma U. Dept of Physics, Berkeley,

NUMERICAL SOLUTION OF FIXED-SOURCE FIELD
THEORIES, by C. Schwartz. [1965]{7]p. incl. diagrs.

~63 ~

tables, refs. (AFOSR-65-2191) (Sponsored )ointly by
Air Force Office of Scientific Research under AF
AFOSR-63-120 and Atomic Energy Commission)
AD 625597 Unclassified

Also published in Phys. Rev., v. 137; B212-B218, Jan

T 1965,

A maodification of the Tamm-Dancolf method for fixed-
saurce meson theories 1s set up for automatic computa-
tion. The Chew (1954) model of pion-ucleon interac-
tions is calculated with up to 6 virtual mesons. Bound-
state parameters and scattering phase shifts are ob-
taned, accurate to about 1%, at a cost of about 3 min
of computer time each. (Contractor's abstract)

275
California U. Dept. of Physics, Berkeley.

SOLUTION OF A BETHE-SALPETER EQUATION, by C.
Schwartz. [1965][3]p. incl. tables. (AFOSR-65-2192)
(AF AFZSR-63-130) AD 625596 Unclassified

Also published in Phys. Rev., v. 137; BT17-B719, Feb.
B, 1952. _

The Bethe-Salpeter equation arising from a ¢3 theory

is solved numerically for several energies (bound states
only) and symmetry states. The method used 1s a varia-
tional calculation in the 4-dimensional Euclidean space
arrived at by the transformation due to Wick. A high
degree of accuracy is achieved by using only a very
small amount of common computing machine capabili-
ties. (Contractor's abstract)

276
Cahfornia U. Dept. of Fhysics, Berkeley.

RELATIVISTIC CORRECTIONS TQ THE FINE STRUC-
TUPE OF HELIUM, by K. Y. Kim. [1965][7}p. incl.
refs. diagrs (AFOSR-66-0380) (AF AFOSR-63-130)
AD 630297 Unclassified

Also published 1n Phys Rev., v 140 A1498-A1504,
Nov ™ 29, 7985

Relativistic corrections to the fine structure of the hy-
aroeen atom have been calculated by many authors, but
the erper:mental confirimation of the theory, or alterna-
tively the determination of the numerical value of the
fine-structure constant a, 158 himited to an accuracy of

1 109 because of the short lifetime of 2 2P states of hy-
drogen. However, in view of the fact that 2 3P states of
helium have a longer lifetime, 1t 1s expected that the
(fine-structure) intervals of the 2 3p states of hehum
can be measured to au accuracy of 1/106 or better.
With this expectation, an attempt was made to evaluate
semirelativistically the theoretical formula for the
helium fine structure to the order o4Ry. fContractor's
ahstract)
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California U. Dept. of Physics, Berkeley.

EVIDFNCE THAT THE DEU. ERON IS NOT AN ELE
MENTARY PARTICLE, by S. Weinberg. {1965][7]p.
incl. refs. (AFOSR-65-0816) (Sponsored jointly by Awr
Force Cffice of Scientific Research under AF AFOSR-
63-232 and Atomic Energy ‘ommission) AD 616214
Unclassified

Also published in Phys. T' v., v. 137: B672-B678,
Feb. 8, 1965

If the deuteron were an elementary particle then the
triplet n-p effective range would be approximately
“ZR/(1-Z), where R = 4, 31F is the usual deuteron radi-
us and Z is the probability of finding the deuteron in a
bare elementary-particle state. This formula is model-
independent, but has an error of the order of the range
m_"1=1. 41F of the n-p force, sov it becomes exact only
in the limjt of small deuteron birding energy, i.e.,

R >> mﬂ'l.‘ The experimental value of the effective
range is not of order R and negative, but rather of order

1
m ~* and positive, 50 Z 1s smail or zero and the deu-
teron is mostly or who'ly composite. (Contractor's
abstract)

278
California U. Dept. of Physics, Berkeley.,

PHOTONS AND GRAVITONS IN PERTURBATION
THEORY: DERIVATION OF MAXWELL'S AND EIN-
STEIN'S BQUATIONS, by S. Weinverg. [1965](15]p.
incl. refs. (AFOSR-65-1823) {Sponsored jointly by
Air Force Uffice of Scientific Research under

AF AFOSR-63-232 and Atomic Energy Commission)
AD 625562 Unclassified

Also published in Phys. Rev., v. 138 B988-B1002,
May 2%, 1665.

The S matrix for photon and graviton processes is stud-
{ed in perturbation theory, under the restriction that the
only creation and anniht.ation operators for massless
particles of spin j #:lowed 1n the interaction are thosc for
the physical states with nelicity £ 3. In order to obtain
long-range forces, it is necessary to introduce norco-
varjant potentials in the interaction, and the Lorentz in-
variance of the S matrix requires that these potentials
be coupled to conserved tensor currents, and also that
there appear in the interaction direct current-current
couplings, like the Coulomb interaction. The potentials
for j =1and ) = 2 must inevatably satisfy Maxwell's and
Einstein's equations in the Heisenberg representation.
It is shown to be impossible to construct a Lorentz-in-
variant S matrix for magnretic monopoles and charges in
perturbation theory.

279
California U, Dept. of Physics, Berketey.

PHASE OF THE CP-INVARIANCE VIOLATION IN 70
.64 <

DECAY, by S. L. Glushow and S. Weinberg. [1965]
(2lp. (AFOSR-65-1868) (AF AFOSR-63-232)
AD 626772 Unclaseified

Also published in Phys. Rev, Lirs., v. 14 835-836,
May f% 1965

A previous experiment (Phvs. Rev. Ltrs., v. 14: 475,
1965) indirates possible strong CP-invariance violation
in the decay mode Klo— 7" . + 0. The measvved
ratio of the Klo and Ko~ decay am litudes, Re(a ag) =
+0.25 ¢ 0, 65, Im(al/az) = +1,.00 £ 0,65, suggests that

this ratio may have absolute magnitude of order umty
and phase near 90 , though the statistics are hardly con-
clusive. It is pointed out that if a; a, is actually not
much less than one 1n magni‘ude, then CPT symmetry
and the AT = 3,2 rule require its phase to be very close
tox 90 . This constraint was not imposed in the
analysis made 1n the previous experiment, so the fact
that this analysis did give a mostly tmaginary ratio
lends additronal credence to the existence of a strong

Kln -~ 37 mode. I this mode does exist, then a refined
measurement of the phase of ay .9 can provide a sensi-
tive test of CPT and or AT < 3/2.

280
Califormia U, Dept. of Physics, Berkeley.

IS CHARGE-CONJUGATION INVARIANCE BADLY
BROKEN?, by S. L. Glashow and C. M. Sommerfield.
[1965] [3]p. incl. table, refs. (AFOSR-65-1951)
(Sponsored jointly by Air Force Office of Scientific Re-
search under AF AFOSR-63-232 2nd Office of Naval Re-
search) AD u26894 Unclassified

Also ?b@id_in Phys. Rev. Ltrs., v. 15: 78-80, July
2, 1965.

Several simple C-nonconserving interactions are con-
sidered, any one of which could provide a mechanism

for the decay K 0., 21, Present experimental data re-
2

lating to C-nonconserving mesonic decay rates with
phase-space estimates are compared. There 1s con-
siderable suppression for C-nonconserving w7 v and

77 coupling constants but no meaningful limit on the
strength of the C-nonconserving pnr coupling constant

is obtained. It 1s shown that even 1l this coupling 1s
strong,, it would not produce a significant chage asyimme-
try in n decay.,

281

Califorma U. Dept. of Physics, Berkeley.

MODEL OF WEAK INTERACTIONS WITH CP VIOLA-
TION, by S. L. Glashow. [1865][4]p. (AFOSR-66-

0831) (Sponsored jointly by Air Force Office of Scien-
tific Research under AF AFOSR-63-232 and [Office of
Naval Research]) AD 641451 Unclassified

Also published in Phys, Rev. Ltrs., v. 14: 35-38,
Jan. 4, 1965,

R T NP T T G

3w sy Eran Y




C g e e W
-

»
o

XY B

AIR FORCE SCIENTIFIC RESEARCH

A simple model of weak interactions is proposed which
allows for CP violation. A single current-current
coupling is introduced where vector and axial-vector
currents transform differently under SU(3), yet each
transforms like a member of a umtary octet.,

282
Calforma U. Dept. of Physics, Berkeley.

ON THE CURVES IN THE GRENINGER AND LEON-

HARDT NETS, by A. Bernalte, [1965] [3]p. incl. refs.

(AFOSR-66-1599) (AF AFOSR-63-280) AD 641483
Unclassified

Also published in Acta Cryst., v. 19: 916-918, Dec.
1965.

The algebraic equations for the lines in both the Greninger
and Leonhardt charts are derived, in order to complete

or correct the statements found in the current hiterature.
The meridians are conics and the parallels are quartics.
Also, parametric equations are given for computational
purposes. (Contractor's abstract)

283
California U. Dept. of Physics, Berkeley.

CYCLOTRON RESONANCE IN ALUMINUM, by F, W,
Spong and A.; F. Kip. [1985][17]p. incl. illus. dizgrs.
table, refs. (AF AFOSR-63-259) Unclassified

Published in Phys. Rev., v. 137: A421-A447, Jan. 18,
1965.

A systematic s'udy of Azbel'-Kaner cyclotron resonance
in aluminum at 35 Ge/sec has clarified and extended
previous work. Results on the orientation dependence
and relative values of the cyclotron mass for different
electron orbits correspond closely with expectations
based on Harrison's free-electron model. However,

the observed mass values are consistently 55-60% higher
than those predicted by the free-electron model, Since
the nearly-free-electron model agrees with ab mnitio
band-structure calculations which exist for aluminum and
which are thought to be reliable within the independent-
particle model, the bulk of this discrepancy is presumed
to be attsjbutable to the many-body effects of correlation
and electron-phonon interactions. The anomalous cyclo-
tron resonance spectrum attributed in previous work to a
cyclotron mass of 3. 10m (m is the free electron mass) is
elucidated in terms of current sheets which reproduce
the skin currents deep within the metal., These sheets
are produced by the spatially periodic magnetic focusing
of limiting-point electrons on the Fermi surface. This
mechanism leads to a cyclotron mass for these electrons
of 1.55m, just one half the value given on the Azbel'-
Kaner model. Cuantum oscillations in the surface 1m-
pedance analogous to the de Haas-van Alphen oscilla-
tions 1n the susceptibility are observed at ~1.5°K. Ob-
served periods agree with the de Haas-van Alphen peri-
ods measured by Gunnersen. (Contractor's abstract)

> 65 ¢
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California U. Dept. of Physics, Berkeley.,

CYCLOTRON RESONANCE IN SILVER, by D. G.
Howard. [1965] [11]p. incl. diagrs. refs. (AF AFOSR-
63-290) Unclassified

Published 1n Phys. Rev., v. 140: A1705-A1715, Nov.,
9, .

Azbel'-Kaner-type cyclotron resonance has been used

to examine the Fermi surilace of silver. The types of
resonances observed from a (110)-surface sample are
very like those reported for copper. Resonances orig-
tnating from orbits about the zone contact regions have
been observed over a limited range of angles. Relative-
ly strong signals have been obtained from orbits near
the limiting points when the field lies nearly parallel to
the [001] direction of the (110) surface. The 3 orbits re-
ported in copper whose centers lie nefther at the center
nor the edge of the zone have been observed, and in ad-
dition a third orbit of this type has been identified and
measured over a large range of angles. Data taken on

a (100)-surface specimen (not available in the copper
studies) have shown resonances due to both hole and
electron orbits; these resonances are consjistent with
the previous knowledge of the geometry of the Fermi
surface. The effect on cyclotron resonance signals of

a magnetic field inclined with respect to the specimen
surface has been investigated. Apparent shifts in the
measured cyclotron mass as large as 50% per degree of
field misalignment have been obtained. The similarity
of 2 number of the signals to the peak-reversal phe-
nomena cbserved in potassium and aluminum is dis-
cussed. Certain of the signals in fields inclined at iarge
angles to the surface have ylelded a measure of the neck
size in excellent agreement with de Haas-van Alphen
measurements. (Contractor's abstract)

285
California U. [Dept. of Physics] Berkeley.

THE SURFACFE IMPEDANCE OF METALS IN A WEAK
MAGNETIC FIELD, by J. F. Koch and A. F, Kip.
[1965] [S]p. incl. diagrs. (Sponsored jointly by Ad-
vanced Research Projects Agency and Air Force Office
of Scientific Research under [AF AFOSR-63-280])
Unclassified

Published in Proc. Ninth Internat'l, Conf. on Low
Temperature Physics, Columbus, Ohio (Aug. 31-Sept.
4, 1964), ed.by J. G. Daunt, D. O. Edwards and
others, New York, Plenum Press, v. LT9(Pt. B): 818-
822, 1965,

The absorption derivative signals in single crystals of
tin, indiun,, and aluminum are studied. The crystals
were cut with several different symmetry planes from
single-crystal boules, and subsequently electropolished
The experiments were done at frequencies between 30
and 70 Geps and 2t liquid-helium temperatures. The
results and observations are summarized: (1) A typical
signal consists of a number of distinct derivative maxj-
ma and minima at magnetic fields below 100 Oe, (2) The
effect shows a striking dependence on the sample surface
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in which it is observed; (3) Polarization of the RF cur-
rent affects the amplitude, but not the position of the
derivative maxima; (4) If the experimental frequency is
ingreased, the peak positions shift to higher fields as

/2RF; (5) The low-field effect can readily be ob-
served with the magnetic field tipped at arbitrarily large
angles with respect to the sample surface; (6) The
preparation of a highly polished surface 15 essential to
the observation of the effect; and (7) The effect is inde-
pendent of temperatures between 4, 2°K and the super-
conducting transition temperature. It 1s suggested that
the observed signals are due to the interaction of con-
duction electrons, traversing the skin region on a seg-
ment of cyclotron orbit, with the RF electric field;
electron trajectory through the region of the skin depth
is discussed.

286
Califormia U. Dept. of Physics, Berkeley.

OBSERVATIONS OF LONG-PERIOD PULSATIONS OF
ELECTRON PRECIPITATION IN CONJUGATE REGIONS
OF THE AURORAL ZONES, by R. R. Brown, J. R.
Barcus and others. [1965][4]p. incl. diagrs. (AFOSR-
65-1877) (Sponsored jointly by Air Force Office of Sci-
entific Research under AF A}¥OSR-63-331, National
Science roundation, and Office of Naval Research)

AD 626096 Unclassified

Also published in Jour. Geophys. Research, v. 70:
Iﬁ'ﬁ-;lﬂﬁ, Mar. 1, 1965,

Observations are summarized for a long-period pulsa-
tion event in ionospheric absorption of cosmic radio
noise at Kotzebue, Alaska and at the Australian National
Antarctic Research Expeditions' Station at Macquarie
Island. Although there is a great degree of simultaneity
and similarity, additional features of pulsating electron
precipitation are shown from x-ray and riometer obser-
vations, These observations outside the immediate vi-
cimty of the conjugate regions indicate spatial structure
on a scale of a few hundred km.,

287
California U.. Dept. of Physics, Berkeley,

EVIDENCE SUGGESTING DUMPING OF SEMITRAPPED
ELECTRONS ON THE nIGH1 SIDE OF THE EARTH, by
J. R. Barcus. [1965]{3]p. incl. diagrs. (AFOSR-65-
1878) (Sponsored jointly by Air Force Office of Scien-
tific Research urder AF AFOSR-63-331, and Office of
Naval Research) AD 626097 Unclassified

Also published in Jour. Geophys, Research, v, 70
125‘7-;1239, Mar. 1, 1965,

A precipitation event intense enough to make a near max-
imum demand on the outer zone vas observed by means

of bremsstrahlung x-rays, with a balloon-borne scin-
tillation detector. The balloon was launched {from Barrow,
Alaska, in March 1963 during the recovery pnase ol a
magnetic storm. X-ray activity above 100 kev was bare-
ly detectable, except for an extremely intense burst

(-~ 350 times normal) occurring at approximately 1030 UT.

> 66 <

The origin of this striking spectral variation i1s con-
sidered. It 15 pointed out that local acceleration, other
than untrapping mechamsms, need not necessarily coin-
cide with the region of precipitation, It 18 possible that
daytime events, extensive 1n space and time, are the re-
sult of energization processes occurring in the sunlit
magnetosphere: the transient and localized bursts oc-
curring near midmght are the result of partial dumping
of the semitrapped enhancement in the outer zone.
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California U. Dept, of Physics, Berkeley.

BALLOON OBSERVATIONS ON THE RELATIONSHIP
OF ENERGETIC ELECTRONS TO VISUAL AURORA AND
AURORAL ABSORPTION, by J. R. Barcus, [1965]([13]p
incl. 1llus. diagrs. refs. (AFOSR-65-1879) (Sponsored
jointly by Air Force Office of Scientific Research under
AF AFOSR-63-331 and 62-422, National Science Founda-
tion, and Office of Naval Research) AD 626502
Vnclassified

Also published in Jour. Geophyn. Research, v. 70
2135-2147, May 1, 1965.

Simultaneous bremsstrahlung x-ray and photometric
measurements show a rather loose correlation, in the
sense of a detailed space-time association, between the
appearance of x-rays at balloon altitudes and visual
aurora at large L vilues. The observations suggest that
essentially different, though not infrequently coupled,
mechamsms are responsible for the low and high energy
portions of the precipitated electron spectrum. Detailed
exanunation of an 1onocpheric absorption event associ-
ated with auroral breakup indicates that the event is
largely accounted for by the same flux of low energy
electrons responsible for the simultaneous luminosity
enhancement.. (Contractor's abstract)
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Califorma U. Dept. of Physics, Berkeley.

OBSERVATIONS ON THE SPATIAL STRUCTURE OF
PULSATING ELECTRON PRECIPITATION ACCOMPA-
NYING LOW FRECUENCY HYDROMAGNETIC DIS-
TURBANCES IN THE AURORAL ZONE, by J. R. Barcus
and T. J. Rosenberg. {1965](10}p. incl. diagrs
(AFOSR-65-1880) (Sponsored jointly by Air Force Office
of Scientific Research under AF AFOSR-63-331, Natio-
nal Science Foundation, and Office of Naval Research)
AD 626503 Unclassified

Also pgplishegm Jour. Geophys. Research, v 70
1707-1718, Apr. 1, 1965.

Low-frequency hydromagnetic disturbances which are
generated in a sunhit part of the distant magnetosphere
and propagate as transverse waves to auroral latitudes
are accompanmed by pulsating electron precipitation and
1onospheric absorption of cosnic radio noise with a
stmilar temporal behavior  The region over which this
pulsating act’vity occurs 18 belt-tike, 1000 km long and
- 100-400 km across. Sometimes the instantaneous pat-
tern of precipitation exhibite spatial structure over
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these dimensjons, but at Jeast on one occasion the pulsa-
tions were in phase over a large region near the noon
meridian. A unique acceleration process c.oes not ap-
pear to be required, as the bremsstrahlung x-ray spec-
trums obtained for the pulsations are not essentially
different from those observed during act,vity preceding
or following these events. The statically trapped radia-
tion 15 eliminated as a posstble source, and some
mechamsms nvolving local energization are briefly
discussed. (Contractor's abstract)

for about 1/3 of the microbursts; the other 2/3 were ob-
served on one balloon or the other. From the small
scale size of microburst electron precipitation it is sug-
gested that magnetospheric plasma instabilities are
responsible for the electron bombardment of the auro-
ral zone atmosphere. Similar considerations are sug-
gested for pulsating electron precipitation. {Comtrac-
tor's abstract)
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Cahforma U, Dept. of Physics, Berkeley,

BALLOON OBSERVATIONS OF AURORAL ZONE X
RAYS IN CONJUGATE REGIOMNS, )., SLOW TIME VARI-
ATIONS, by R. R, Brown, J. R. Barcus, and N. R,
Parsons. [1965][20)p. incl. diagrs. tables, refs.
(AFOSR-65-1881) (Sponsored jointly by Air Force Office
of Scientific Research uider AF AFOSR-63-331, Natio-
nal Science Foundation, ard Office of Naval Research)
AD 626098 Unclassified

Also published 1n Jour. Geophys. Research, v. 70
2579-2598, June 1, 1965,

Conjugate aspects of auroral zone electron precipitation
are exanunea using Jata from ten simultaneous balloon
fhights of x-ray detectors from Fairbanks, Alaska, and
Macquarie Island, Australia, as well as riometer data
from Kotzebue and College, Alaska. These results in-
dicate a close correspondence, in similarity and simul-
taneity, 1n regions of near conjugacy over a wide range

gross features of activity remain intact, dissimilarities

near conjugicy (Contractor's abstract)

291
Califorma U, Dept. of Physics, Berkeley.

BALILOON OBSERVATIONS OF AURORAL ZONE X RAYS
IN CONJUGATE REGIONS. 2. MICROBURSTS AND
PULSATIONS, by R, R. Brown, J. R. Barcus, and N. R,
Pavsons. (1965](14]p. incl. diagrs. table. (AFOSR-
65-1882) (Sponsored jointly by Air Force Office of Sci-
entific Research under AF AFOSR-63-331, National

‘ Science Foundation, and Office of Naval Research)

. i AD 626099 Unclassified

Also published in Jour. Geophys. Research, v. 70:
25§§-;1612, June 1, 1965.

Simultaneous balloon observations of x-ray pulsations
in the 5-10 sec range made from Fairbanks, Alaska,
4 and Macquarie Island, Australia, showed no detailed
' correlation in time or amplitude. Observations in the
northern hemisphere, with 2 balloon instruments sepa-
rated by about 150 km 1n the east-west direction,
showed no obvious correlation, but when the separation
was reduced to about 100 km in the north-south direc-
tion, x-ray pulsations showed in-phase variations. Ob-
servations with 2 balloon instruments separated by 150
km in the east-west direction showed time coincidences
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STORAGE OF RADIOACTIVE DEBRIS IN THE POLAR
VORTEX, by J. R. Barcus. [1965]{3]p. incl. diagr.
(AFOSR-65-2787) (Sponeored jointly by Air Force
Office of Scientific Research under AF AF0PR-03-5.1,
and Office of Naval Research) AD 627759

‘Inclassified

Also published 1n Jour. Atmos. Sci., v. 22' 460-462,
July .

Several observations of the storage of radicactive debris
in the polar stratosphere are presented. The measure-
ments were made incidentally to a series of high alti-
tude balloon flights primarily intended for auroral zone
research and released from Point Barrow, Alaska,
during Mar. 1963. This period followed by some
months an intensive high latitude series of atmospheric
nuclear tests which had been conducted by the USSR
from Aug. 5to Dec. 25, 1962,

(Kp = 0+ to 6g) of geophysical disturbance. Whereas 293

become quitr- evident at locations well removed from Calfornia U. Dept. of Physics, Berkeley.

OBSERVATIONS ON THE ASSOCIATION OF AURORAL
LUMINOSITY WITH AURORAL X-RAYS AND COSMIC
NOISE ABSORPTION, by T. J. Rosenberg. [1965][9]p.
incl. diagrs. table. (AFOSR-85-2798) (AF AFOSR-
63-331) AD 627541 Unclassified

Also published in Jour. Atmos. and Terrest, Phys.,
v. 21 351-'756, June 1965,

Simultaneous observations of auroral luminosity and
bremsstrahlung x-rays from the same balioon payload
are reported here. Comparison of the balloon measure-
ments with riometer records has shown the same varije-
ty of associations that appear in other studies of auro-
ral phenomena. Because the photometer and scintilla-
tion counter geometries are fixed relative to each other
and view equivalent regions of the sky at the production
layer, it has been possible to investigate behavioral dif-
ferences in the low and high energy portions of the pre-
cipitated electron spectrum with more certainty than
when comparing balloon and ground-based observations.
Certain aspects of the present observations suggest that
temporai variations in these two energy ranges are
rather independent, on occasion. These observations
support the suggestion that two mechanisms having
characteristically different energy spectra control the
acceleration and/or precipitation of energetic electrons.
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Correlations of auroral luminosity with x-rays then for application to angular-momentum problems in ;
depend upon the deg- 2e of coupling between the mecha- elementary-particle reactions. (Contractor's abstract) y
nisms, (Contractor's abstract) S?
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California U. Dept. of Physics, Berkeley. 1
THREE-BODY N/D EQUATIONS. 1. INTEGRAL ANGU- %
COMMENTS ON RELATIVISTIC SUPERMULTIPLET LAR MOMENTA, by S. Mandelstam. [1965][22]p. I3
THEORIES, by 8. Weinberg. [1985] (S]p. incl. refs. incl. diagrs. (AFOSR-66-0016) (AF AFQSR-64-232) fg
(AFOBR-65-1815) (AF AFOSR-64-232) AD 625573 AL 630309 Unclassified 5
Unclassified +
Also published 1n Phys. Rev., v. 140: B375-B396, 5
Also ?Eushed in Phys. Rev., v. 139: B537-B601, Oc 25, 1965. 4

. 9, .
" Equations are derived for calculating 5-body partial N
It is proved that it is impoesible to extend the SU(6) sym- wave amplitudes once all singularities other than the ?

metry to a well-behaved group of unitary operators on
the physical Hilbert space since no such group can have
irreducible representations containing all spin states of
the particles involved. It iz shown that the recently pro-
posed U(12) symmetry evades the theorem t y acting

on the generalized M function rather than on the physical
Hilbert space. A brief explanation is provided for the
use of the M function. Some evasions of the theorem
other than the U(12) symmetry are also discussed.
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DETERMINATION OF THE SPINS AND PARITIES OF
RESONANCES, by C. Zemach. [1965](16]p. incl.
tables. (AFOSR-686-0016) (AF AFOSR-64-232)

AD 630324 Unclassilied

Also published in Phys. Rev., v, 140: B109-B124,
Oct. g'il. 1965.

The properties of angular-momentum tensors described
in item no. 296, are used to develop tests for the spins
and parities of resonances. Fermion resorances decay-
ing into particles of spin zero and spin one-half or spin
zero and spin three-halves and boson resonances decay-
ing into particles of spin zero and spin one are con-
sidered in some detail. Attention is given to angular
correlations between production and decay configura-
tions, both generally and in special cases such as for-
ward production, low-energy production, and peripheral
collisions. A moment analysis of the decay distributions
is developed. (Contractor's abstract)
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USE OF ANGULAR-MOMENTUM TENSORS, by C.

Zemach. (1965] [12]p. incl. tables. (AFOSR-66-0017)
(AF AFOSR-64-232) AD 630308 Unclassified

Also E%lished in Phys. Rev., v. 140; B87-B108, Oct.

The properties of tensor representations are developed

unitarity discontinuity are known. The equations can
easily be reduced to Fredholm equations. They havea
similar structure to the 2-body 2quations, but are more
complicated owing to the presence of disconnected dia-
grams. The D function is related to the form factor in
the usual way, and it has the expected zeros and cuts on
the unphysical sheet. A subsidiary problem which is
treated 1s the determination of a function with kinemati-
cal branch points when the discontinuities across the
dynamical cuts on all sheets are known. Alsc, a brief
discussion is given of the many-channel analog of the
Omnes equation. This discussion may be useful to
those who do not wish to study the mathematical

theory in detail. (Contractor's abstract)

298
California U. Dept. of Physics, Berkeley.

INFRARED PHOTONS AND GRAVITONS, by S.
Wemnberg, [1965][9]p. (AFOSR-66-0021) (AF AFOSR-
64-232) AD 640277 Unclassified

Also published in Phys. Rev., v. 140: B516-B524,
Oct. gg, 1965.

It is shown that the infrared divergences arising in the
quantum theory of gravitation can be removed by the
familiar methods used in quantum electrodynamics.

An additional divergence appears when infrared photons
or gravitons are emitted from noninfrared external
lines of zero mass, but it is proved that for infrared
gravitons this divergence cancels in the sum of all such
diagrams. (The cancellation does not occur in mass-
less electrodynamics.) The formula derived for gravi-
ton bremsstrahlung is then used to estimate the gravi-
tational radiation emitted during thermal collisions in
the sun, and this found to be a stronger source of gravi-
tational radiation (though still very weak) than clagsical
sources such as planetary motion. The conjecture of
Dalitz that divergences in the Coulo nb-scattering Born
series may be summed to an innoc' ous pnase factor is
verified, and it 18 shown how this result may be extended
to processes involving arbitrary numbers of relativistic
or nonrelativistic particles with arbitrary spin. (Con-
tractor's abstract)

o e K o~ -

s



AIR FORCE SCIENTIFIC RESEARCH

299

Califorma U, Dept. of Physics, Berkeley.

UNSTABLE-PARTICLE SCATTERING AND THE STRIP
APPROXIMATICN, by I. T. Drummond. [1965)[18]p.
incl. diagrs. refs, (AFOSR-66-0025) [AF AFOSR-64-
232]) AD 630237 Unclassified

Also published in Phys. Rev., v. 140: B482-B499, Oct.
35, 1965.

The problem of formulating a bootstrap calculation when
one of the scattering particles is unstable, is examined,
The unsiable-particle scattering amplitude 1s defined as
an S-matrix pole residue, the analytic structure of which
may be determined from the usual Landau rules. Al-
though the instability of the external particle complicates
the structure it does not do so too severely, Therefore,
it can be postulated that, in analogy with the stable case,
the unstable-particle amplitude exhibits Regge asymp-
totic behavior. A strip approxamation to the amplitude
which is a crossing-symmetric superposition of Regge
pole terms can then be constructed. This approximation
exhibits, in some respects, satisfactory analytic struc-
ture. In particular it takes quite well into account cer-
tain anomalous threshold effects. It satisfies a quasi-
Mandelstam representation which is used to explore the
analytic structu -e of the corresponding partial-wave
amplitudes and their continuation to arbitrary angular
momentum. Certain simple discontinuity formulas are
used to obtain dynamical equations for the partial-wave
amplitudes and a2 complete bootstrap scheme is formally
constructed. (Contractor's abstract, modified)
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INTENSITY CORRELATIONS IN RAMAN SCATTERING,

by A. L. Fetter, [1965)[8]p. incl. diagrs. refs,

(AFOSR-65-2046) (AF AFOSR-65-130) AD 627729
Unclassified

Also published in Phys. Rev., v. 139: A1616-A1623,
Aug. 30, 1985,

Correlated counting rates 1n Raman scattering are pro-
posed as a« means of studying optical pionons in crystals,
This technique may be used to measure Yoth the lifetime
and spatial coherence of the vibrational -tates. Experi-
mental counting times are estimated to e the order of
50 wsec for the case of 3 gas Inser as u light source.
{Contractor's abstra.t)
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VORTICES IN AN IMPERFECT BOSE GAS. Ill. SCAT-
TERING OF SINGLE-PARTICLE EXCITATIONS, by

A. L. Fetter, [1965](9lp. ncl. refs. (AFOSR-66-
0373) (AF AFOSR-65-130) AD 630279 Unclassified

Also published 1n Phys, Rev., v. 140: A452-A460,
oct. 18, 1965,

The scattering of single-particle excitations by a vortex
in the condensate of an imperfect Bose gas is studied
using the Bogoliuboy approximation. The S matrix is
calculated as in conventional scattering theory, and the
phase shifts cre determined with the Schwinger varia-
tional principle. The differential cross section in the
long-wavelength limit is found to be do/dx = 1/27

(K/mc2)k cot®(1/2x), where m is the mass of one atom
and c is the speed of sound. This cross section agrees
precisely with that found previously for scattering of
sound by a classical vortex with circulation h/m..
(Contractor's abstract)

302

Calforma U. Dept. of Physics, Berkeley.

SPHERICAL IMPURITY IN AN INFINITE SUPER-
CONDUCTOR, by A, L. Fetter, [1965] [16}p, incl.
diagrs. refs. (AFOSR-86-1548) (AF AFOSR-85-130)
AD 641036 Unclassified

Also published in Phys. Rev., v. 140: A1921-A1936,
Dec. ;15, 1985,

The modifications in a superconducting medium due to
a single, spherically symmetric, nonmagnetic impurity
are examined using the BCS theory of superconductivity.
The energy spectrum of quasiparticles has both a dis-
crete portion (bound states) and a continuous portion
(scattering states). Inthe scattering region (E > 8), a
given energy corresponds to two distinct momentum
states, one above and one below the Fermi level. The
calculation of the S matrix for the impurity scattering
is thus a problem of two coupled channels. The elec-
tron density n(y) and the order parameter 4(v) far from
the impurity are evaluated asymptotically in terms of
the eigenphase shifts and mixing parameter of the two
channels. Two soluble models for the impurity are
considered. With a hard-sphere, long-range spatial
oscillations are found in A(y) as well as in n{~). Witha
delta-shell potential, a resonant enhancement occurs

in the scattering of quasiparticles with momentum near
the Fermi momentum. Both the spatial oscillations and
the resonant enhancement are expected to appear for
more general impurity potentials. (Contractor's
abstract)
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ACCURACY OF MEASUREMENT FOR COUNTING AND
INTENSITY-CORRELATION EXPERIMENTS, by M. L.
Goldberger and K. M. Watson. {1965][10]p. incl.
diagrs. refs. (AFOSR-66-1588) (Sponsored jointly by
Air Force Office of Scientific Research under

AF AFOSR-65-130 and Atomic Energy Commiss;on)
AD 641034 Unclassified

Also published 10 Phys. Rev., v. 140: B500-B509,
oct.” 25, 19657

A quantum-mechanical analysis is made of the experi-
mental accuracy to be expected for particle-counting and
mtensity-correlation experiments. The mean-square
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fluctuation for an ensemble, consisting of a large num-
ber of experiments each conducted over a time interval

T, is calculated. (Contractor's abstract)
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DECAY MODES OF SPIN-TWO MESONS, by S. L.
Glashow and R, H. Socolow. [1965] [5]p. incl. diagrs.
tables, refs. (AFOSR-65-2797) (AF AFOSR-65-232)
AD 627728 Unclassified

Also %Mshed in Phys. Rev. Ltrs., v. 15: 329-333,
ug. 18, .

The observed partial decay widths of spin-two mesons
are compared with theoretical predictions based on
SU(3). The results strongly support the assignment of
these states to the reducible 1 @ 8 representation of
SU(3) with considerable f, {1 mixing.
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THE INSTABILITY OF CENTRIFUGAL- ELECTRO-
STATIC-FOCUSED FLOW, by R. Lundgren, Sept. 23,
1965, 102p. (Sponsored jointly by Air Force Office of
Scientific Research under AF AFOSR-63-117 and Elec-
tronics Technology Division) AD 474598

Unclassified

The stability of thin centrifugal- electrostatic-focused
(CEF) streams is investigated. It is found tha! these
streams can be unstable for axially asymmetric per-
turbations, but that perturbation growth stops or is
severely damped after the beam attains some specific
thickness. Linear analysis of the thin stream model
shows that it is usually unstable for two-dimensional
perturbations, with exponential time growth dependent
on the azimuthal wave number. Moving the coaxial
focusing walls closer to the stream first causes the
growth rate at small n to decrease, then vanish, and
finally to reappear accompanying a stream-image
charge instability, The physical mechanism of growth
is examined in detail and compared to its dual, the mag-
netically focused model of Kyhl-Webster-Plerce. The
large-amplitude growth region is examined by numerical
integration using a two-dimensional charged-rod model.

The accuracy of the numerical method is checked against

the resulte of a single-rod small-amplitude analysis.
Starting points for the non-linear calculations are small
density perturbations for n = 5, and 15 = 30. Growth of
the stream thickness is exponential for approximately

one or two stream revolutions, then quickly limits, going

to a much slower or zero growth rate.
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A CENSUS OF FINITE AUTOMATA, by M. A. Harrison.
[1965] [14]p. incl. diagrs. tables. (AFOSR-65-0902)

> 70~

(Sponsored jointly by Air Force Office of Scientific

Research, [Army Research Office (Durham), and Office

of Naval Research] under AF AFOSR-63-139) AD 617877
Unclassified

Also published in Canad. Jour. Math., v. 17: 100-113,
960,

A tinite automaton may be thought of as a possible ab-
straction of a digital computer. This note solves the
problem of counting the number of equivalence classes
of finite automata. The solution consists of a number
of theorems on the enumeration of functions, which in-
cludes a representation of a finite automaton by a di-
rected graph whose modes represent internal states
and whose branches denote transitions. Connected au-
tomata are also considered, and some numerical re-
sults are given.
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AN OPTIMAL REGULATOR PROBLEM, by A. Chang.
[1965][14]p. incl. refs., (AFOSR-65-0908) (AF AFOSR-
63-139 and AF AFOSR-63-292) AD 618347

Unclassified

Also published in Siam Jour. Control, Ser. A, v. 2:
'2'2'6—2%"1'9'65—- ) N

An optimal regulator problem is considered for systems
whose behavior may be described by the linear differen-
tial equation x(t) = Ax(t) + Bu(t), where A and B are
matrices of real constants. Given this system, an ini-
tial state x,,, and the conditions (a) the pair (A, B) is con-
trollable, i.e., rank (B, AB,..., AN-1B) = n; (b) the
mir (A, Q) is observable, i. e., rank [Q, AQ,...,An-1Q)
= n; (c) the autonomous system x = Ax is Ljapunov sta-
ble, let T < U be the set of all admissable controls
which transfer xg to the origin. The problem is to find
2 u ¢ T sech that J (u, xp) = inf,ep J(v, x5). It i
shown that there exists a uniyue optimal control for any
choice of the initial state and that Pontryagin’'s maxi-
mum principle gives necessary and sufficient conditions
for a control .o be optimal. fhe problem of optimal
feedback control is considered, and it is shown that an
optimal feedback control is a linear function of the state
in a neighborhood of the origin. The final result is that
the optimal feedback control is 2 continuous function of
the state which, in principle, makes this computation
feasible.
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QUASISTATIC ANALYSIS OF WAVES IN A PLASMA-
FILLED WAVEGUIDE, by J. E. Scharer and A. W,
Trivelpiece. [1965] [2]p. incl. diages. (AFOSR-65-
0909) (Sponsored jointly by Air Force Cambridge Re-
search Lab; [Air Force Office of Scientific Research,
Army Research Office (Durham,, and Office of Naval
Research under AF AFOSR-63-139)) AD 617238
Unclassified
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Algo published in Jour. Appl, Phys., v. 236: 318-319
Jan 71985, ’ ,

Using the quasistatic approximation in bounded mag-
netized plasmas, the dispersion equation obtained pre-
dicts phase velocities greater than the velocity of light
for a certain regioa of the w-8 plane. This is considered
to invalidate the quasistatic analysis. In this note the
region is investigated for an idealized plasma-filled
guide with prepagation and magnetic field oriented ax-
iully along the guide, and the conditions for validity of
the dispersior: relation for this region are determined.
The magnetic and electric fields and power flow are ob-
tained, and the validity for the quasistatic amalysis for

the backward-wave mode and forward-wave mode is
studied.
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THE DETECTION OF WEAK MAGNETIC FIELDS USING
DIPOLE RESONANCE IN THIN-PERMALLOY FILMS,
by C. E. Frank. Jan. 18, 1965, 91p. incl. illus. diagrs.
tables, refs. (Rept. no. 65-4) (AFOSR-65-1141)
(Spensored jointly by [Air Force Office of Scientific Re-
search, Army Research Office (Durham), and Office of
Naval Research] under AF AFOSR-63-139) AD 468085
Unclassified

Anisotropic magnetic thin films <an be formed by vacuum
evaporation and deposition of ferromagnetic materials in
a dc magnetic field parallel to the substrate. Such
films, especially those of nickel-iron of "permalloy”
composition, have been extensively studied in the past,
primarily with respect to properties which are useful in
digital computer applications. Recently, interest in
these devices has developed for detecting very weak mag-
netic fields, using low-frequency-switching methicds as
described by West, Odom, Rice, and Penn. The wock
reported here makes use of a new ultra-high-frequency
magnetic-spin-resonance method devised by the author.
Among the new results obtained are analytical and ex--
perimental verifications of the high sensitivity attaira' le.
Although the actual sensitivities measured in ordinary
laboratory surroundings were limited to approximately
10 gauss by the amoient magnetic noise level, it is
demonstrated that the system is capable of much greater
sensitivity if used in quieter locations.
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THE ANALYSIS AND SYNTHESIS OF PROBABILITY
TRANSFORMERS, by D. L. Moorehexd. Jan. 28, 1985,
64p. incl. diagrs. refs. (Rept. no. 65-6) (AFOSR-65-
1223) (Sponsored jointly by Air Force Office of Scien-
tific Research, Army Research Office (Durham), and
Office of Naval Research under AF AFOSR-63-139, and
National Gcience Foundation) AD 463597

Unclassified

The purpose of this report is to investigate the effect of
{inite state machines on an input random process, and
to propose a method whereby a machine can be designed

>T1 ¢

that transforms the probability measure of a process
in* ) a specified measure. Of particular interest is what
a .inite automaton does to certain important properties
that random processes can have. It is shown that all
finite state machines can preserve the stationarity of
input processes via specifying an appropriate initial
probability distrfbution over the states of thu machine.
Necessary and sufficient conditions are obtained on the
structure of a finite state machine such that the process
consisting of the sequence of states will be ergodic.
This is achieved by extension of a theorem in informa-
tion theory on_similar conditions for finite state chan-
nels. A topic given considerable attention is the syn-
thesis of a finite state machine whose output will be 2
random process with a specified finite order probabili-
ty distribution, given u particular input process and its
associated measure. It can be shown that this problem
cannot be solved exactly, but that an arbitrarily close
approximation can be achieved subject to an-error~ -
criterion defined in the report. A class of processes,
the measure of which can be realized exactly, is also
given. Necessary and sufficient conditions are given
on a machine such that the output process be a fir ite
Markov chain,
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ANODE STRUCTURES FOR COLD-CATHODE HIGH-
POWER MAGNETRONS, by Y. Ikeda and C. Susskind,
[1965] [T]p. incl. diagrs. table. (AFOSR-65-2:94)
{Sponsored jointly by [Air Force Office of Scientific Re-
search, Army Research Office (Durham), and Office of
Naval Research] under AF AFOSR-63-139) AD 625583
Unclassified

33!_30 blished in Radio and Electron. Engineer, v. 29:
-9, Feb. .

The characieristics of anode structure suitable for cold-
cathordz high-power magnetrons have been investigated
amalytically and experimentally, with special emphasis
on increasing the interaction and maximizing the area of
coherent interaction with the electron beam at a given
frequency. The structures unalyzed were designed for
large mode ssparation, high interaction impedance, and
easy coupling to the output circuit. They may be appli-
cable to travelllng-wave amplifiers; some circuit char-
acteristics of the structures are therefore also included.
(Contractor's abstract)
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OPTIMAL CONTROL OF APERIODIC DISCRETE-

TIME SYSTEMS, by B. W. Jordan and E. Polak. [1965]
15p. incl, diagrs. (AFOSR-668-0044) (Sponsored jointly
by [Air Force Office of Scientific Research, Army Re-
search Office (Durham), an¢ Office of Naval Research])
under AF AFOSR-63-139, and National Aeronmautics and
Space Administration) AD 641493 Unclassified

Also lished in Siam Jour. Control, Ser. A, v. 2:
m‘ﬁ?—ﬂ'cr. X -
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Much of previous work on the optimal control of dis-
crete-time processes was concerned with sampled-data
systems in which the sampling instants are fixed and
equi-spaced and in which the optimization 18 carried out
over the amplitudes of the piecewise constant controls.
Necessary conditions for optimal control of a class of
fixed duration, discrete-time processec with aperiod.
ically modulated inputs, which are sugzested by engi-
neering considerations were established. The plants o
the systems under consideration were described by non-
linear differential equations and the inputs are pirece-
wise constant, suitably restricted in amplitude, and re-
quired to have K or fewer discontinuities whose posi-
tion is not restricted. (K is a fixed, positive integer,)
Using techniques analogous to the ones used in estab-
lishing the Pontryagin maximum principle, 1t is shown
that for an admissible control to be optimal, it is nec-
essary that a Hamiltonian-like functional be either
locally maximum or stationary with respect to the ad-
missible contsols, and that a set of transversality con-
ditions be sztisfied. Computational and engineering
aspects of this problem are dealt with in a separate pa-
per to be published soon.

313

California U. Electronics Research Lab., Berkeley.

STATISTICAL THEORY OF ELECTRON TRANSPORT
IN CROSSED FIELDS: CHARACTERISTICS OF THE
SMOOTH-BORE MAGNETRON, by K. Mouthaan. Aug.
f, 1965, 102p. incl. ciagrs. refs. (Rept. no. 65-29)
(AFOSR-~66-0368) (Sponsored jomtly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research] under

AF AFOSR-63-139 and Acmy Flectronics Laburatories)
AD 626296 Unclassified

Electron transpori acros8s the magnetic field in crossed
electric and magnetic fields is described on the basis of
random fluctuations in the fields. The theory {s formu-
lated in terms of the slippuig-stream instability, so that
a definite mechanism behind the [luctuations in the fields
is established. The transport equation appropriate to
the analysis is shown to be the diffusion equation; a defi-
nite expregsion for the diffusion tensor 1s obtained. The
components of the diffusion tensor transverse to the mag-
netic field are found to be proportional to the square of
the electric field, and inversely proportional to the cube
of the magnetic field, the exponential-growth rate of the
slipping-stream instability determines the magnitude of
the diffusion coefficients. Application of the theory is
made to find the cut-off characteristics of the smooth-
bore magnetron. Explicit expressions {or the space-
charge distribution, the electric-field distribution, the
anode current, and the circulating current are obtained.
The results are compared with available experimental
results. The agreement between theoretical and experi-
mental values is geod, particularly for the anode current.
The new theory thus appears to provide, for the first
time, a correct theoretical explanation of the cut-off
characteristics of the smooth-bore magnetron. (Con-
tractor's abstract)
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AN ALGEBRAIC CHARACTERIZATION OF CONTROLL-
ABILITY. by A. Chang. [1965][2]p. (Sponsored jointly
by [Air Force Office of Scientific Research, Army Re-
search Cffice (Durham), and Office of Naval Research]
under AF AFOSR-63-139) Unclassified

Published in IEEE Trans. Automatic Control, v. AC-
10:"T12=T13, Jan. 1965,

A theorem is proved for complete controllability for
linear differential systems. Systems are considered
whose state at time t is described by an n-dimensional
vector x(t) that satisfies the differential equation %(t) =
A(t)x(t) + Bit)u(t), where the control, uft), is assumed
to be an r-dimensional vecto.. and Aft) and B(t) are

n x nand n x r matrices, respectively.
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A NEW MODEL ¥OR SIMPLF NEURAL NETS AND ITS
APPLICATION IN THE DESiGN OF A NEURAL OSCIL-
LAIOR, by T. Pavhiis. (1963} [15]p. incl. diagrs.
refs. (AF AFOSR-63-202) Unclassified

Pubuisked in Bull. Math, 5icphys., v. 27: 215-229,
Tune 1865,

The results of a previous theoretical study of a class of
systems are applied for the design of neural nets which
iry to siinulate biological behavior. Besides the models
for single aperiodic and periodic neurons, a neural os-
cillator 18 developed which consists of 2 cross-excited
neurons, Its response is similar to the firing pattern
of certain bwlogical neural osciilators, like the flying
system of the lncust, Also, by proper change of its
parameters, it can be made highly irregular, provid-
ing a deterministic model for the sponta .eous neural
activity. (Contractor's abstract)
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FUZ+Y SETS, by L. A, Zadeh, Nov, 16, 1964 [16]p.
wncl. diagrs. (Rept. no, 64-44) (AFOSR-64-2507)
(Spons »red jointly by |Air Force Office of Scientitic Re-
search, Army Research Office (Durham), anc Office of
Naval Research| under AF AFOSR-64-139. and National
Science Foundation) AD 608981 Unclassified

Also published in Inform, and Control, v. 8. 338-353,

June 1965~

A fuzzy set is a class of objects with a continuum of
grades of membership. Such a set is characterized by
a membership (characteristic) function which assigns
to each object a grade of member ship ranging between
zero and one. The notions of inclusion, union, inter-
section, complement, convexity, etc., are exterded
to such sets, and various properties ot these notions
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in the context of {uzzy sets are established. In particu-
lar, a separation theorem for convex fuzzy sets is
proved without requiring that the fuzzy sets be disjoint.
(Contractor's abstract)

Measurements are also performed for the Iatter case
and the results compared with calculations. (Contrac-
tor’s abstract)
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HM“MNT -

ON THE RELAYION BETWEEN ORDINARY AND STO-
CHASTIC DITFERENTIAL BOUATIONS, by E. Wong and
M. Zakai. Aug. 11, 1964, 29p. (Rept. no, 84.26)

{AFOBR-65-0265) (Sponsored jointly by [Air Force Office

of Scientific Research, Army Research Office (Durham),

and Olfice of Naval Research] under AF AFOSR-64-139

and National Science Foundation) AD 609826
Unclassified

Also published in Internat'l, Jour. Eng, Sci., v. 3:
213-22%, June 1965.

The following problem is considered in this paper: Let
x4 be a solution to the stochastic differential equation:

dx; = m [x;,t] dt + ox;, t] dy, where y; 18 the Brownian
motion process. Let x,(n) be the solution to the ordi-

nary differential equation which is obtained from the
stochastic differential equation by replacing y; with

y‘(") where y‘(") is a continuous piecewise linear ap-
proximation to the Browman motjon and yt(“) converges
toy, asn - = If x; 1 the solution to the stochastic dif-
ferential equation (in the sense of 1to) does the sequence
of the solutions xt(") converge to x, ? It is shown that
the answer is in general negative, It is however, shown

that xt(") converges in the mean to the solution of
another stochastic diferential equation which is: dx, =
m [x;, ] dt + 1/20(x;, t] (afx,,t) xp) dt + o[, t] dy,.
(Contractor's abstract)
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SOLUTION OF CIRCULAR LOOP ANTENNAS AND
SCATTEERING FROM CONDUCTING LOOPS BY NU-
MERICAL METHODS, by A. Baghdasarian and D. J.,
Angelakos. Jan. 8, 1965, 23p. incl. diagrs. (Rept.
no. 65-1) (AFOSR-65-0549) (Sponsored jointly by
[Air Force Office of Scientific Research, Army Re-
search Office (Durham), and Office of Naval Research]
under AF AFOSR-64-139) AD 457192 Unclassified

The integral equation of the current distribution along a
circular loop antenna i8 solved by numerical methods.

It is shown that the integral equation can be converted
into a set of linear simultaneous equations, solutions of
which give the current distribution. First, the loop an-
tenna driven by a voltage source is considered and solu-
tions to loops of various sizes are obtained. Secondly,
current distributions are obtained for Jhe loop as a scat-
terer illuminated by a plane wave. Finally, from the
knowledge of the current on the illuminated loops, back-
scattering patterns are obtained for rotating loops.

>13 ¢

PROPAGATION AND INSTABILITIES OF WAVES IN
BOUNDED FINITE TEMPERATURE PLASMAS, by

A. J. Lichteaberg and J. 5. Jayson. [1965] [7]p. incl.
diagrs. refs, (AFOSR-65-0912) (Sponsored jointly by
Air Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research under
AF AFOSR-54-139 and National Science Foundation)

AD 617232 Unclassified

Also published in Jour. Appl. Phys., v. 36: 448-455
P et '

The quasistatic analysis is used to examine propagation
and instabilities of waves in a plasina in which the trans-
verse bounds and the temperaturs are important. A dis-
persion equation is derived by u.e of a djelectric tensor,
which is correct within the quasistatic assumption and
the assumption of longitudinmal velocity, only. The dis-
persion curves have a smooth transition from the zero
temgerature case at long wavelengths to the unbounded
finite temperature case at short wavelengths. The
stop-bands which appear in the zero temperature anal-
ysis become propagating regions in the more general
case. Landau-type damping is calculated; the cyclo-
tron wave is strongily damped. The efiect of the bound-
aries and the magnetic field on a double-humped veloci-
ty distribution is examined. The trausverse boundaries
are stabilizing with respect to space-charge waves, but
the cyclotron interactions are strengthened. The tem-
perature always exerts a stabilizing influence which is
particularly marked for the interaction between the cy-
clotron waves. Curves of the limiting regions of sta-
bility, with respect to various parameters, are given,
illustrating the: e effects. By the use of an example it

is demo: rrated that a moderate temperature can sup-
press th cyclotron instability. The result is in agree-
ment with the experimental observation that a plasma,
predicted to be unstable with respect to the cyclotron-
wave interaction, was actually stable. (Contractor's
abstract)

320

California U. Electronics Research Lab., Berkeley.

ON CONVERGENCE OF THE SOLUTIONS OF DIFFER-
ENTIAL EQUATIONS INVOLVING BROWNIAN MOTION,
by E. Wong »na M. Zakal. Jan. 19, 1985, 17p. (Rept.
no. 65-5) (AFOSR-65-0813) (Sponsored jointly by |Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research] under
AF AFOSR-64-139) AD 483598 Unclagsified

Let y(t, w) be 2 Brownian motion process (E{[y(t) -
y(s)]z} = {t - 8}), and let (yn(t,w)‘ be a sequence of
“well-behaved" approximations to y(t, w). Consider the
gequence of solutions an(t)} of the differential equation
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dx,y(t) = mix,(t),t]dt -+ olxyfth t]dy ), 2 t- b. Inthis
paper it is shown that for polygonal approximations
5yn(t)} and under quite general conditions on m and ¢
Li.m. xn(t) = x({t), where x(t .s the solution of 2 sto~
chastic differential equation 0"(x, t) = ~o(x,t) “x

& t{:.:;[:n(:k.:]a - 1/2 o'{x(t), tlex{t), t] & « e[x(t),t)
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MULTIPARAMETER SENSITIVITY AXALYSIS FOR
LINEAR SYSTEMS, by R. N. Biswas and E. S. Kuh.
Mar, 9, 1965, 25p. incl. diagrs. (Rept. nc. 65-8)
(AFOBR-65-1326) {Sponsored jointly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research] under
AF AFOSR-64-139, and National Science Foundation)
Unclassified

A new method of sensitivity analysis for linear multi-
parameter systems is presented. The method depends
on the existence of a simple matrix flow graph model.

The matrix sensitivity § = (8x)" 1 XW-16W as introduced
by Cruz and Perkins is reviewed first. The relations
between the conventional multiparameter scalar sensi-
tivity and the elements of the sensitivity matrix are then
obtained. These formulas are simpie to compute and
give insight to the design of multiloop systems. Higher
order multiparameter sensitivities are also derived.
Examples are given in terms of general RLC networks
and multiloop feedback systems. Preliminary resuits
indicate that the method i3 also useful in the synthesis
of general transfer functions, and may prove to be im-
portant in the design of integrated electronic circuits.
(Contractor’s abstract)
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STUDY OF WIDE-BAND PARAMETRIC AMPLIFIERS
AND CONVERTERS, by M. Fukada. Apr. 30, 1965,
101p, incl. diagrs. tables, refs. (Rept. no. 65-10)
(AFOSR-65-1459) (Sponsored jointly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research] under

AF AFUSR-64-139) AD 465194 Unclassified

A rather complete broadbanding theory is presented for
varactor parametric amplifiers and inverting-type con-
verters, including single-varactor, multiple-varactor
and traveling-wave parametric ampiifiers. In all these
cases, theoretical limitations on gain-bandwidth and the
method of synthesizing optimum amplifiers are obtained.
In the theory of single-varactor amplifiers, an exten-
sion of Kuh and Fukada's work on lossless shunt-varac-
ior amplifiers has been made. It is shown that any dis-
sipative-varactor amplifier can be treated in a manner
similar to the lossless-varactor case if the reflection-
coefficient of its associated matching network is defined
properly. Examination of series-varactor amplifiers
shows that their gain-bandwidth limitation is the same as
in shunt-varactor amplifiers. A practical trangmission-

>~ -
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line network desigr is also developed and demonstrated
by an experimental microwave degenerate amplifier.
The theory of multiple varactor ampliffers and con-
verters includes nonreciprocal equalization, reciprocal
equalization and traveling-wave parametric a mplifiers.
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MICROWAVE LOSS IN A REFLEX PLASMA DISCHARGE,
by P. Govindan, A. J. Lichtenberg, and J. R. Woodyard.
May 3, 1965, S0p. incl. illus. diagrs. tables, refs.
(Rept. no. 65-11) (AFOSR-65-1460) {(Sponsored jointly
by {Air Force Office of Scientific Research, Army Re-
search Office (Durham), and Office of Naval Research]
under AF AFOSR-64-139) AD 464949 Unclassified

Also published in Jour. Appl. Phys., v. 38: 382-389
Jan. 1887, ( FOSR-68-0191) :

The Q of a partially ionized plasma with flurtuating den-
sity, created by a reflex discharge, 1» ctermined by
measuring the decay of microwave energy in a cavity
coaxial to the plasma column. The measurements indi-
cate that for w_/« < 1 the losses are predominately due

to electron-neutral collisions, but that virtual collisions
with the ends of the interaction region may also be sig-
mficant. For w_/w > 1 electron-ion collisions appear

to be a significant source of 10ss for hot cathode dis-
charges but not for cold cathode discharges. Anoma-
lous diffusion does not play a significant role in the
microwave losses. The absolute magnitude of the ex-
perimentally determined collision time is considerably
lower than that calculated from the theory. This dis-
crepancy can Ve at least partly explained, with some
additional assumptions, for hot-cathode operation.

For cold-cathode operation there remain some unex-
plainec inconsistencies within the experimental results.,
{Contractor's abstract)
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[BASIC RESEARCH IN ELECTRONICS], by D. J,
Angelakos and J. R, Whinnery. Final rept. Feb. 15,
1964-Mar, 15, 1965, June 1, 1965, 59p. incl. illus.
diagrs, tables, refs. (Rept. no. 65-13) (AFOSR-65-
1531) (Sponsored jointly by Air Force Office of Scien-
tific Research, Army Research Office (Durham), and
Office of Naval Research under AF AFOSR-64-139)
AD 465548 Unclassified

A survey is presented of research in the following
areas. (1) Bioelectronics including studies with bound
water, macromolecules, the nervous system, and
aides for the blind; (2) Computer sciences including
experimental data acquisition and digital data process-
ing systems, {3) Electron streams and interactions
comprising cold-cathode magnetron and thermionic
cathode studies and electron trajectory calculations,
(4) Plasma including magnetic-mitror compression,
homopolar rotating plasmas, and low-temperature
plasmas, (5) Quanium and optical electronics including
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laser mode ana 10n laser studies and electro-optic light
beam deflection; (6) Radiation and propagation concern-
sng antenna studies and the lunar surface; (7) Solid-
state electromics dealing with the areas of materials and
mechanisms, active solid-state circuits, and scanning
electron microscopy; (8) Systems and circuit thaory
including turnz] diode networks, aetwork synthesis and
circuit and network amalysis.
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OPTICAL LEVEL POPULATION INERSIONS IN A
SODIUM-MERCURY MIXTURE DISCHARGE, by L. H.
Lin. June 4, 1965, 48p. incl. diagrs. tables, refs.
(Rept. no. 65-15) {(AFOSR-65-2219) (Sponsored jointly
by Air Force Office of Scientific Research, Army Re-
search Office (Durham), and Office of Naval Research
under AF AFOSR-64-139) AD 469266 Unclassified

Population densities of excited sodium levels in a glow
discharge of a mixture of sodium and mercury vapors
were obtained by spectral lire intensity measurements.
Comparison with the case of pure sodium vapor dis-
charge was made. It was found, 1n the mixture discharge,
that the population densities of sodium levels, which

have energies close to the energies of mercury 631’1 and
63P0 levels, are mghly populated by the process of reso-

nance excitation transfer to the extent that many popula-
tion 1nversions result between these levels and some
lower off-resomance levels. The excitation transfer be-

tween the mercury metastable level 63P0 and the sodium

level 728l 2 is most sigmficant: the corresponding
’

cross section 1s estimated to be 4.7 x 1019 cmz. Op-

tically allowed transitions between the population in-
verted levels are all in the infrared region, the shortest

wavelength being approximately 3. 37 u (725l P

52P1 9 3.2)- The negative absorption coefficients for
. y W
some important transitions are also calculated.
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COCHLEAR SENSORY- FIELD EFFECTS BASED ON
INTER-UNIT COUPLING, by G. G, Furman. July 6,
1965, 118p. incl. diagrs. tables, refs. (Rept. no. 65-
19) (AFOSR-65-2220) (Sponsored jointly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research] under

AF AFOSR-64-139) AD 470556 Unclassified

The characteristics of a variety of possible mnhibitory-
connection schemes among elements lying within the
cochiea were investigated, The characteristics were
obtained analytically and were supplemented by and
checked against data obtained from digital simulation.
It was jound that, under certain conditions, all of these
connective schemes can Jead to a sharpening of the fre-
quency sensitivity of any single neuron. Ananatomy-
vriented 1nhibition scheme, called shunting inhibition,
was developed. Apart from its possible application 1in

> 75 ¢

the cochlea, shunting inhibition leads to theoretically
intersecting operations in sensory information process-
g, operations not nossible with the classical subtrac-
tive type of inhibition.
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THE STATE VARIABRLE APPROACH TO NETWORK s
ANALYSIS, by E. S. Kuh and R, A, Rohrer, May 20, 1965,
21p. ncl. diagrs. tables, refs, (Rept. no, 65-12) (AFOSR-
65-2285) (Spersored jointly by [Air Force Office of Scien-
tific Research, Army Research Office (Durham), and
Oifice of Naval Research| under AF AFOSR-64-139, and
Nationa) Science Foundation) AD 624075 Unclassified

*,

Also published in Proc. 1EEE, v. 53: §72-686, July 19,
1965. (AFOSR-66-0051)

The umversality of the state-varable approach to net-
work amalysis is demonstrated in general discussions
and specific examples. The methud of formulation of
the state equations for an arbitrary lumped, linear, fi-
nite, reciprocal, passive, time-invariant network 1s
presented fully, while the relaxation of these restric-
tions is indicated in detail; 1. e., the state-variable 1
characterization of active, nonreciprocal, time-varia-
ble, and nonlinear networks is discussed. Finally, .
there 1s a brief guide of the current research where the :
state-variable analysis 1s brought to bear upon certain
qualitative aspects of classical and nonclassical net-
work behavior. (Contractor's abstract)
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A UNIFIED THEORY OF SYNTHESIS WITH UNSYM- '
METRIC FOUR-ELEMENT LOSSLESS LATTICES, by

C. W. Hoand I. T. Frisch. [1865][11]p. incl. diagrs.
(AFOSR-65-2444) (Sponsored joirtly by [A1r Force

Office of Scientific Research, Army Research Office

(Durham), and Office of Naval Research] under

AF AFOSR-64-139) AD 625576 Unclassified

Also published in IEEE Internat'l. Conv. Rec., Pt, T:
147-157, 1965,

A complete theory 1s given for the use of unsymmetric
lossless lattices with 4 elements in the cascade syn-
thesis of transfer functions and driving-point functjons.
The major results are a new lattice equivalent for a
Darlington-C section under specified constraints on the
driving-point impedance and a rew, simple condition

of applicability for the Miyata lattice. For both latt:ces
explicit formulas for the element values are develoned
in terms of the given impedance.
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WAVE-MECHANICAL APPROACH TO THE NON-
LINEAR THEORY OF O-TYPE TRAVELLING-WAVE
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TUBES, by X. Mouthaan, [1965][11]p. incl. diagrs.
(AFOSR-65-24417) (Sponsored )ointly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Resezrch] under

AF AFOSR-64-135, and Army Electronics Laboratories)
AD 625708 Unclassified

Also publiched 1n Internat'l. .Jour. Electron., v. 18:
361-3]11, Apr. 1965,

The one-dimensional motion of electrons in O-type
travelling-wav? devices 1s described in terms ot wave
mechanics, Fcr tne case of large-signal interaction it
is found that in the final state of the interaction the
electrons travel along at discrete energy levels involv-
ing Planck’'s constant, By making use of the Pauli ex-
clusion principle, the saturation power and electronic
efficiency of the large-signal travelling-wave tube are
obtained. (Contractor's abstract)
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SEMIANNUAL PROGRESS REPORT NO. 1, by D. J.
Angelakos. Nov, 16, 1964-June 30, 1965, 304p. ncl.
illus. tables, refs, (AFOSR-65-2860) [AF AFOSR-64-
139] AD 474661 Unck. ssified

Research projects are grouped into the following areas:
bioelectronics, electron streams and interactions, plas-
mas, quantum and optical electromcs, radiation and
propagation, solid-state electronics, and systems,

L/D, the maximum amount of current that can be
stably passed through the tube 1s greater than that pre-
dicted by either asymptotic theory. (Cortractor's
abstract)
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MONOCHROMATIC ILLUMINATION OF CADMIUM-
SULFIDE OSCILLATOR, by R. M. White. [1965][2]p.
incl. diagr. table. (AFOSR-66-0043) (Sponsored jointly
by [Air Force Office of Scientific Research, Army Re-
search Office (Durham), and Office of Naval Research|
under AF AFOSR-64-139) AD 641711 Unclassified

Also published 1n Proc 1EEE, v. 53 745-74€, Tuly
1965

The period, waveform, and amphtude of current oscil-
lations in a umformly illunminated cadmium-sulfide os-
cillator have been found to depend strongly upon the wave-
length and intensity ot the light used, The observations
described here show that a given feature of the oscilla-
tion (e.g , a particular waveshape) is not associated
solely with a single wavelength, but rather that the
wave-length at which the feature occurs depends upon
the hght intensity. The observations strongly suggest
that the wavelength and intensity of i1llumination are not
primary parameters, but rather, by their effects upon
resistivity of the CdS they affect the oscillations.
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California U. Electronics Research Lab., Berkeley., STABILITY OF LINEAR TIME-VARYING NETWORKS-

LIMITING STABLE CURRENTS IN BOUNDED ELEC-
TRON AND ION STREAMS, by W. B, Bridges, J. I
Frey, and C. K. Birdsall. [1965] 9p. incl. tables,
refs. (AFOSR-66-0042) (Sponsored jointly by [Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research]under
AF AFOSR-64-139) AD 641709 Unclassified

Also published in IEEE Trans. Electron Devices, v.
ED-iE 264-272, May 1965.

The classical static analysis of the infimte planar diode
has been extended to include the effects of finite trans-
verse beam size. Simple expressions have been found
for the increase in maximum stable current density over
that of an infinite stream for finite cylindrical and

strip streams flowing between plates of 1afimte diodes.

The results are also given in terms «f stream perveance.

The effect of a nonuniform distribution of current across
the stream 1s shown to be relatively small, Experimen-
tal values of maximum stable current agree with those
obtaired from the analysis. A further extension of the
static analysis has been made to include the effects of
additional conducting plane boundaries parallel to the
stream motiv1.  For length-to-width ratios L;D < 0,25
thz tube 1s a dequately described by the results for the
infinite ,~lanar diode and for L/D > 4, the infinitely-long
drift tube theory suffices. At intermediate values of
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THE STATE SPACE APPROACH, by E. § Kuh. [1965]
8p. 1ncl. diagrs. refs (AFOSR-66-C113) (Sponsored
jointly by {Air Force Office of Scientific Research,
Army Research Office (Durham), and Office of Naval
Research] under AF AFOSR-64-139 and National Sci-
ence Foundation) AD 641713 Unclassified

Also published in IEEE Trans. Circuit Theory v. CT-
12 150—:15’7, June 1965.

This paper is concerned with linear networks which
contain time-varying resistors, inductors, and capaci-
tors. The state-variables formulation is used to de-
scribe the general circuit. General sufficient conditions
for Liapunov stability are derived in terms of the net-
work parameters and the incidence submau ices of the
graph. (Contractor's abstract)
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SYNTHESIS AND REALIZATION OF COUNTING BI-
STABLE CIRCUITS, by D A. Hodges Aug 31, 1965,
87p. incl. illus diagrs. tables, refs. (Rept no. 65-
33) (AFOSR-66-0366) (Sponsored Jointly by [A.r
Force Office of Seientific Research, Army Research
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Office (Durham), and Office of Naval Research] under
AF AFOSR-64-139, and Electronics Technology Divi-
sion) AD 627797 Unclassified

Synthesis procedures are extended for counting bistable
circuits from given dc bistable configurations and 2 sili-
con-integrated bistable circuits are described. Active
devices are presented by a controlled-conductance model
which is first derived from a consideration of the prin-
ciples underlying charge-control device operation. The
model is also applicable t¢ non-change-control active
devices, These results make evident the straight-for-
ward application of the systhesis procedures utilizing
enhancement or depletion mode active devices. A lin-
earized active regron analysis is carried out {for a basic
bistable configuration. .Zither symmetrical or nonsym-
metrical triggering techmques are allowed. Conditions
are determined for regenerative switching and practical
triggering techmques are predicted for the basic junc-
tion-type field-effect transistor (FET) circuit and a bi-
polar junction transistor (BJT)-FET circuit. With
minor changes, the conclusions are valid for the cross-
coupled and emitter-coupled circuits. A dc bistable cir-
cult and a counting bistable circuit were designed and
fabricated in silicon iniegra.ed form. Each experimenial
monolithic circuit incorporates as the active devices one
BJT and one FET. Predicted and measured resuits

for dc circuit characteristics and switching times are in
reasonable agreement. (Contractor's abstract)
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LASER ARRAYS, by J. C. Gibson. July 23, 1985 [44]p.
incl. diagrs. tables, refs. (Rept. no. 65-21) (AFOSR-
66-0402) (Sponsored jointly by [Air Force Office of Sci-
entific Research, Army Research Office (Durham), and
Office of Naval Research] under AF AFOSR-64-139)

AD 476149 Tnelassified

This paper deals with the application of various types of
array techniques. The laser is assumed to have a Gaus-
s1an field distribution at 1ts aperture, and its far field
pattern is developed from this aperture pattern. The
linear broadside array factor is applied to both the
Gaussian element pattern and ta «n element consisting

of a circular aperture uniformiy i)luminated with a

plane wave. The Dolph-Tchebyscheff and binomial am-
plitude distribution array factors are applied to the
Gaussian element pattern to reduce sidelobe levels with
equal element spacing. Ishimaru's technique of unequal
element spacing is applied to the Gaussian element pat-
tern to reduce sidelobes, and then to suppress the sec-
ondary beam. The half-power beamwidths are c:lculated
and compared, and the circular array is investigated for
application to the Gaussian element pattern. Results
concerning relative sidelobe levels and grating lobe levels
are tabulated and compared. Conclusions are made con-
cerning the feasibihity of applying array theory to lasers
with element spacings of hundreds of wavelengths.
(Contractor's abstract)

-1 <

336
California U. Electronics Research Lab., Berkeley.,

SYNTHESIS OF INTEGRATED SELECTIVE AMPLI-
FIERS FOR SPECIFIED RESPONSE AND DESENSI-
TIVITY, by A. A, Gaash. June 17, 1985, 105p, incl.
diagrs. tables, refs. (Rept. no. ERL-65-31)
(AFOSR-66-1065) (Sponsored jointly by Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research under

AF AFOSR-64-139) AD 628677 Unclassified

The fundamental objective of the report 18 the realiza-
tion of highly selective, bandpass network functions in
the medium of semiconductor integrated circuitry.
Realization of such circuit performance has to take into
consideration the special pronerties of integrated,
monolithic microcircuitry. 11 view of the unavoidable
dependence of integrated passive and active conponents
on environmental conditions and on manmufacturing tol-
erances, syntheiss procedures via sensitivity functions
are explored. Attention is focused on closed sensitivity
forrmulations in order to reveal extra degrees of fruc-
dom available for desensitization. To that end, various
sensitivity functions in single-loop and multi-loop feed-

back structures are investigated. The effect of the varia-

tion of integ. ated passive components is then assessed.
The corresponding sensitivity co .tributions are shown
to be independent of the circuit configuration and are
expressed in form of sensitivily invariants. Based on
the sensitivity formulation, sensitivity criteria are in-
corporated into the synthesis procedures, permitting
simultaneous realization of specificd response and
sensitivity. The procedures make use of multi-loop
feadback structures, wherein redundant transmission
loops are introduced together with the correlated na-
ture of the time-dependent and time-independent
changes of integrated components.
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SEMICONDUCTOR INTEGRATED OSCILLATORS, by
G. D. Hachtel. Aug. 31, 1965 [191]p. incl. illus,
diag:s. tables, refs. (Rept. no. 65-32) (AFOSR-66-
1066) (Sponsored jointly by Air Force Office of Sci-
entific Research, Army Research Office (Durham),
and Office of Naval Research under AF AFOSR-64-139)
AD 629578 Unclassified

The realization of oscillation in monolithic semicon-
ductor integrated circuits was considered. A pro-
cedure was developed for the synthesis of integrable,
near-harmonic, oscillators from known, integravle,
bistable circuits. By the insertion of resistovs, ca-
pacitors, and batteries, the procedure converts the in-
tegrable bistable circuits into 'inductor-less’ oscilla-
tors. Experimental witegrated realizations of oscilla-
tors synthesized were f{abricated.
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Calforma U. [Electronic Research Lab. | Berkeley.

DIRECT MEASUREMENT OF THE DEPLETION LAYER
WIDTH VARIATION VS APPLIED BIAS FOR A P-N
JUNCTION, by N. C. MacDonald and T. E. Everhart.
[1965] [3]p. inci. diagrs. 1llus. (AFOSR-66-0344)
(Sponsored jointly by [Air Force Office of »1entific Re-
search, Army Research Office (Durham), .ad Office of
Naval Research] under AF AFOSR-64-139 and Electronic
Technology Division) Unclassified

Also published in Appl. Phys. Ltrs., v. T: 267-269,
Nov. 1965.

Using the ecanning electron microscope, the width of the
depletion region of a reverse-biased silicon N*-P junc-
tion was measured as a function of the applied voltage.

It was observed that as the reverse bias across the
junction is increased, dynamical broadening of the de-
pletion layer occurs in both the voltage-contrast and the
electron-beam-1nduced current modes of operation.

The specimens were angle lapped to expose the junction
profile. Measurement of the depletion layer width w as
a function of the reverse bias VR followed the familiar

w m(VR)l/2 relationship for an abrupt junction.

339

California U. Electronics Research Lab., Berkeley.

THE NUMBER OF TERMS IN THE GENERAL GAIN
FORMULAS FOR COATES AND MASON SIGNAL FLOW
GRAPHS, by J. P. Jacob. [1965] [4]p. incl. diagrs.
(AFOSR-67-0346) (Sponsored jointly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research]unde

AF AFOSR-64-139) AD 646838 Unclassified

Also published 1n IEEE Trans, Circuit Theory, v, CT-
13:7607-604, Dec. 1965.

The question: 'Given a Coates flow graph or a Mason sig-
nal flow graph, how many 'connection paths' or 'loop
products' will one have to find in order t~ compute the
numerator and denominator of their ger.eral gamn formu-
la?' was answered with the help of the concept of the
permanent of a matrix,

340

California U, Elecironics Research Lab., Berkeley.

NECESSARY CONDITIONS FOR THE REALIZABILITY
OF n-PORT RESISTIVE NETWORKS WITH MORE THAN
(n+1) NODES, by I. T, Frisch and K. R. Swammathan,
[1965] [8]p. incl. diagrs. (AFOSR-67-0487) (Sponsored
jointly by Air Force Office of Scientific Research, Army
Research Office (Durham), and Office of Naval Research
under AF AFOSR-64-139) AD 647457 Unclassified

Also published in [EEE Trans, Circuit Theory, v, CT-
12:7520-527, Dec. 1965,

> 8 -

A new set of necessary conditions ar+ presented for an
nth-order square symmetric matrix Y with real entries
to be the n-port adnuttance matrix of a netwerk con-
taining positive resistors and (n » 2) nodes. The so0-
called "supremacy” conditions represent a symmetric
set of inecualities among prodects of pairs of elements
1n a matrix S obtamned tn a s1rople manner as linear
comtination of entries in Y. The conditions are de-
rived by augmenting the given matrix Y with an addi-~
tional port to form: a conrected port structure, trans-
forming the port structure until it 1s linear, applying
the "umform tapering conditions' and then eliminating
the augmenting port. Extensions are given to the case
of n+p nodes with 2 < p n. (Contractor's abstraci}

341

[California U. Flectromcs Research Lab Berkeley!

A CONSTRUCTIVE DERIVATION OF THE CAPACITY
OF A BANDLIMITED CHANNEL, by D J, Sakrison and
L. P. Seidman. 11965} 5p (P.und with its Rept no
65-14; AD 46817t (Sponsored jointly by JAir Force
Office cf Scientitic Research, Army Research Office
(Durham), and Office of Naval Research| under

AF AT'OSR-64-139) Unclassified

By expanding the expression C W log 2

P . . . 3 -
(1- 'Tﬁaw—) which 1s for the capacity of(a; d;z;nncl lim
-¢
ited to bandwidth 2W, toC W log 2 {1 v m——— —
2NyW
ZEh}I) log 2 which 1s a channel with additive white
0

Gaussian noise of 2 sided spectral density, it 1s shown
that the channel can be reduced to a collection of am-
phitude continuous time discrete channels whose joint
capac:ty 1s easily computed

342

Califorma U. Electronics Research Lab , Berkeley

ELECTRON-STREAM DIODE INSTABILIT!ES WITH
ELASTIC COLLISIONS, by J. Frey and C. K. Birdsall
[1965] [3]p. incl. diagrs. (Sponsored jontly by Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research under
AF AFOSR-64-139) Unclassified

Published 1in Jour. Appl. Phys., v, 36: 2962-2964,
Sept. 1965,

Instabilities can be induced in parallel-plane (diode) con-
figurations when a very high current 1s passed through
the diode, even | this current is neutralized by 1ons
This work extends Pierce's original calculation of the
critical current for instability to find the growth rate for
a wide input-current range, and then goes on to include
collisions of the injected stream with background neu-
trals aid allow for mobile neutralizing particles. Col-
lisions damp the nstability, increasing the value of input
current at which onset of instability wall occur, if the

colhsion frequency v 1s such that wpzl.u v, 4n,
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approximdately, then there 1s no ime growth, Allowing
the bao kg vund 1ons to be mobile also eliminates this
type of anstabahity,  The results without collisions com-
pare favorably with some experiments 1nvolving essen-
twlly colhisionless diodes: those with collisions included
do not agree with some experiments involving colliston-
domnated triode lasers. {Contractor's abstract)

343
Califorma U. Electromics Research Lab., Berkeley.

A NOTE ON THE PERMANENT OF A MATRIX, by

J. P, Jacob. [1965]9p. incl. diagr. (Bound with its
Rept. no. 65-14, AD 468178) (Sponsored jointly Ly [Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research] under
AF AFOSR-64-139) Unclassified

The method of counting non-zero additive terms 1in the
expanston of the determinant of a matrix was investi-
gated. Several applications on the concept of the perma-
nent were found, but these proved hardier than alterna-
tive methods known previously, The graph theory (the
counting of the total number of trees in a graph) re-
sulted from this study.

344
Califorma U, Electronics Research Lab., Berkeley,

NOTI'ES ON SYSTEM THEORY, VOLUME VII. May 1965,
170p. incl. dagrs. refs. (Rept. no 65-14) (Spon-

sored Jomtly by [Air Force Office of Scientific Research,

Army Research Office (Durham), and Office of Naval
Research]under AF AFOSR-64-139, Air Force Office of
Screntific Research under AF AFOSR-64-292, and AF
AFOSR-64-639, Natonal Science Foundation, and
National Aeronautics and Space Administration)

AD 468178 Unclassified

The pur puse of this note 1s twofold (1) to provide an
auxiliary publication medum for short contributions
by students and facully engaged 1n research in systems
and related areas, (2) to contribute to the development
of system theory as a basic scientific discipline,,

345
fCaliforma U. Electronics Rescarch Lab. , Berkeley]

ON THE EQUIVALENCE OF FINITE-STATE SECUEN-
TIAL MACHINE MODELS, by O. H. Dbarra. [1965]
19p. ncl, diagrs. (Bound with its Rept. no, 65-15;
AD 468178) (Sponsored jomntly by [Air Force Office of
Scientific Research, Army Research Office (Durham),
and Office of Nuva! Research|under AF AFOSR-64-139)
Unclassified

By means of differential equations a proof 1s presented

uf the equivalence of sequential machine models. Some
offective procedures are presented for transfornmng one
madel to the other whaeh preserves machine mmimality,

~179 «

346
[Califorma U, Electronics Research lLab,, Berkeley]

ON THE STABILITY OF FEEDBACK CONTROL SYS-
TEMS WITH PERTURBATION GAIN, by C. T. Chen.
{1965] 10p. incl. diagrs. (Bound with its Rept. no. 65-
14, AD 468178) (Sponsored jointly by [Air Force Office
of Scientific Research, Army Research Office (Durham),
and Office of Naval Research] under AF AFOSR-64-139)
Unclassified

This paper considers a gpecial class of single-loop feed-
back systems both in the continuous and in the sam-
pled-data cases. It is shown that if the gain deviation
from the linearity of the memoryless nonlinear element,
o,t), is smaller than At)s, then A{ )¢ L1(0,=) implies
that the system output 1s bounded for any bounded input.,
Ast - ~, the system output tends to that of the linearized
(S3(o,t) = 0) system as t ~ =, Similar results hold for

the sampled-data case., (Contractor's abstract)

347
Califorma U. [Electronics Research Lab. | Berkeley.

SYNCHROTRON RADIATION FROM A SELF-CON- !

SISTENT PLASMA (Abstract), by A. J. Lichtenberg )

and D. Tuma. [1965][1]p. (Sponsored jointly by [Awr

Force Office of Scientific Research, Army Research :

Office (Durham), and Office of Naval Research under

[AF AFOSR-64-139] and National Science Foundation) .
Unclassified ‘

Presented at meeting of the Amer. Phys. Soc.,
New York, Nov. 4-7, 1964,

Published in Bull. Amer. Phys. Soc., Series II, v. 10.
238, Feb. 25, 1965.

The Fokker-Planck equation with radiation added as a
friction term is solved numerically to obtain the time-
dependent distribution of the high-energy tail of a plas-
ma with an initial Maxwellian distribution. The syn-
chrotron radiation spectrum is then obtained for a trans-
parent plasma with an analytic density distribution that
approximates that found by the numerical mtelgratlon.

It is found for a plasma with density ng = 1011/cm3,

temperature T, = 75 kev, in a magnetic field of 50

k Gauss, parameters appropriate to an experimental
magnetic-mirror configuration, that the radiation term
dominates, Within a few msec, although the tempera-
ture has not changed appreciably, the number of high-
eneryy electrons has altered significantly. This de-
crease 1s sufficient to lower the radiation in the higher
cyclotron harmonics by an amount .hat should be ob-
servable. For example, after 5 msec, the radation in
the 8th harmonic has been decreased by 40%.

348
Cahforma U. Electronics Research Lab., Berkeley

A NOTE ON THE EVALUATION OF THE TOTAL
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SCUARE INTEGRAL, by E. L. Jury. {1985][2]p.
(AFOSR-65-2431) (AF AFOSR-64-292) AD 629795
Unclassified

Also %blished i IEEE Trans, Automatic Control, v.
-10: -111, Jan. 1965.

The purpose of this correspondence 18 to show the gen-
eral formulation of the total square integrals in discrete
systems, For such a formulation it 1s only necessary to
expand an (n-1) order determinant,

349
California U. Electronics Research Lab. , Berkeley

A GENERAL FORMULATION OF THE TOTAL SOUARE
INTEGRALS FOR CONTINUOUS SYSTEMS, by E. L
Jury and A. G. Dewey. [1965][2]p. (AFOSR-85-2432)
(AF AFOSR-64-292) AD 627761 Unclassified

Also published in IEEE Trans. Automatic Control, v.
AC-10: T19-120, Jan. 1965.

The problem of evaluating the total square integral
arises in the analysis and design of feedback control
systems, both for deterministic and for stochastic in-
puts. The first approach to this problem was made by
James, et. al. using the solution of a recurrence for-
mula. Integrals up to the seventh order were tabulated.
A few years later, Newton et al presented 2 method
based on the soluticn of a matrix equation dependent on
whether n, the order of the system, was even or odd.
The earlier table was extended up to the tenth order.
Kalman and Bertram recently mentioned an approach
from the point of view of Liapunov functions However,
this leads to the solution of a system of algebraic equa-
tions and the method has no computational advantage
over that of Newton. The points discussed in this cor-
respondence are (1) The formulation of a general ex-
pression for any order n as the ratio of two determi-
nants. This could easily be programmed on a digital
computer. (2) It is shown that the denominator determi-
nant 18 precisely equal to &, the nth Hurwitz determi-

nant. This equivalence guarantees the existence of the
total square integral for a stable system. (3) Finally a
scheme is shown whereby the amount of computation is
minimized. For design problems where there are

algebraic coefficients, an expression is #iven involving
the expansion of only (n-2) determinants of order (n-3).
In this expression no cancellation of terms occurs.

350
California U. Electronics Research Lab, , Berkeley.

ANALYSIS OF A NEW CLASS OF PULSE-FREQUENCY
MODULATED FEEDBACK SYSTEMS, by T. Pavlidis
and E. 1. Jury. [1965][8]p. incl. illus. diagrs. refs.
(AFOSR-65-2433) (AF AFOSR-64-292) AD 627762
Unclassified

Also gﬂblishe’q_!n‘IEEE Trans. Automatic Control, v.
AC-10:35-43, Jan. 1965,

A new class of pulse-frequency modulated systems 1s

80 -
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presented. These systems, referred to here as T-PFM,
have many advantages over previously used schemes
such as integral PFM. Most significant advantages are
improved stability and simpler physical implementatior
of the modulator. The major part of the paper 1s coi-
cerned with the study of sustained oscillations using a
specially developed quasi-describing function. One 1m-
portant feature of these kinds of PFM systems 1s that
they often present a }imit annulus and not a limit cycle,

a feature which 1s common in most nonlinear discrete
feedback systems., A few examples with experimental '
verification are presented and the limitations of the

method are discussed. (Contractor's abstract)
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Califorma U. Electronics Research Lab. , Berkeley.

A NOTE ON AIZERMAN'S CONJECTURE, by A. G.

Dewey and E, 1. Jury. [1965] 2p. incl. diagrs.

(AFOSR-66-0657) (AF AFOSR-64-292) AD 641685
Unclassified

Also published in IEEE Trans. Automatic Control, v.
Aﬁ-ig: 482-483, Oct, 1965.

The contribution of this note has been to present a nu-

merical counter-example to Aizerman's conjecture

Such an example for continuous systems has not previ- -
ously appeared in the hiterature even though the work of

Pliss has Lven known for many years. Since Aizerman's

conje: dure 1s not true in general, the approach to the

problem of absolute stability must be that of Bergen and

Williams, that is, to single out those classes of sys-

tems for which the conjecture can be verified.

352

{California U. Electronics Research Lab. , Berkeley!

ON THE NUMBER OF ROOTS OF A REAL POLYNOMIAL
INSIDE (OR QUTSIDE) THE UNIT CIRCLE USING THE
DETERMINANT METHOD, by E. 1. Jury [1965] 4p
(Bound with its Rept. no. 65-14; AD 4681178)

{AF AFOSR-64-292) Unclassified

A procedure is presented for finding the number of roots
outside and inside the unit circle of a real polynomial.
The proof presented requires the evaluation of either
odd or even determinants.

353

[California U. Electronics Research Lab. , Berkeley]

THE PROBLEM OF NEURON MODELING, by J. G.
Blanchard and E. L. Jury. [1965] 16p. incl. diagrs.
(Bound with its Rept. no 65-14, AD 468178)

(AF AFOSR-54-292) Unclassified

A study was conducted on the problem of neuron model-
ing correlating the ideas of bioengineers and physiolo-
gists  Results indicated tne need for the development
of accurate models based on quantitative and qualita-
tive experimental data about the chemical and electrical
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behavior of the precise neural element to be studied.
Another finding was the desire for the develcpment of
simplified models, which enable the bjoeng:neer to in-
vestigate very complex problems similar to those aris-
g in the behavior of groups of neurons or synapses.

354

Calfornia U. [Electronics Research Lab, ] Berkeley.

ANALYSIS AND SYNTHESIS OF STABLE LINEAR SE-
QUENTIAL CIRCUITS, by A. Gill. [1965] [9]p. incl.
diagr. (AFOSR-65-0630) (AF AFOSR-64-629)

AD 614164 Unclassified

Also published in Jour. Assoc. Comput. Mach., v, 12:
141-149, " Jan. 1565,

Linear sequential circuits (LSC's) are finding an in-
creasing number of uses in error-correction, computer
‘ontrol, random number generation and other digital
apphications. The purpose of this paper 18 to develop
analysis and synchesis techniques for the class of au-
tonomous "stable” LSC's which is of special interest in
error-correction schemes. Properties of such LSC's
are described 1n terms of their state graphs, and a
method 1s presented for constructing the state graph
from the characteristic matrix of a given LSC. Neces-
sary and sufficient conditions are formulated for a given
graph to correspond to a realizable stable circuit, and a
procedure 15 given for finding this circuit's character-
ixtic matrix and synthesizing it by means of shift
reyasters, (Contractor's abstract)

355

Califorma U. Electronics Research Lab., Berkeley.

A CENSUS OF FINITE AUTOMATA, by M. A. Harrison,
[1965] [3|p. incl diagrs. tables. (AFOSR-65-0631)
(AF AFOSR-64-639) AD 614746 Unclassified

Also published 1n Proc. Fifth Annual Symposium on
Switching Circuit Theory and Logical Design, Princeton
U 4 N. J., (Nov, 11-13, 1964) {1965|p 44-46.

Closed form expressions are abtained for enumerating
the non-equivalent finite automata under several defi-
nitions of equivalence. Algorithms are presented for
determinirg the number of connccted automata ard auto-
mata with o distinguished 1nitial state. Useful lower
bounds and : symptotic results are obtained. (Contrac-
tor's abstract)

356

Calfornia U, [Electronics Research Lab. ] Berkeley,

THE MINIMIZATION OF LINEAR SEQUENTIAL CIR-
CUITS, by A. Gill. [1965] 3p. (AFOSR-66-0023)
(AF AFOSR-64-639) AD 632732 Unclassified

Also publishgdig IEEE Trans, Circuit Theory, v. CT-
13- 292-264, June 1965.

-81<

It is shown how the characterizing matrices of the
hinear form of a given tinear sequential circuit can be
computed directly from the characterizing matrices of
the given circuit. An immediate coroliary of the shown
procedure and of Moore's result concerring the unique-
ness of the minimal form is the following. I & sequen-
tial machine can be realized by means of a linear cir-
cuit, then its minimal forrm can also be thus realized.
It can be roted that no use was made of the fact that GF
(p) is a finite field. In fact, the minimization algorithm
remains valid for linear time-discrete systems associ-
ated with (finite or infinite) fields, and in particular for
linear time-discrete systems ('sampled data’ systems)
where the underlying field is that of real numbers.

357

Califorma U. Electronics Research Lab,, Berkeley.

ON THE BOUND TO THE MEMORY OF A SEQUENTIAL

MACHINE, by A. Gill. [1965] 3p. incl. diagrs.

(AFOSR-66-0028) (AF AFOSR-64-639) AD 641808
Unclassified

Also published in IEEE Trans. Electron. Comput.,

v. EC-14:484-366, June 1965.

A sequential machine consists of a finite input alphabet
X, a finite output alphabet Y, a finite state set S, a
next-state function 6, and an output function \, defined

8141 = b(8,, %)

(for all integers t) by ¥ t } xeX, y Y,
Y = M8 %) ¢

8 ¢ S. A machine has memory u if 4 is the leact integer
such that y, = (X, Xy 1000 %oy Voo - -0 ¥poy) M2
a minimal n-state machine has a finite memory u, then

¢ < n{n~1) =N, Inthis note it was proven that N =
n(n-1) 2 is the best possible upper bound for 4.

358

California U. Electronics Research Lab., Berkeley.

ON THE ERROR CORRECTING CAPACITY OF FINITE
AUTOMATA, by M. A. Harrison. [1985]21p. incl,
diagrs. refs. (AFOSR-66-0029) (AF AFOSR-64-€39)
AD 641809 Unclassified

Presented at Internat'l, Collog. on Automata Theory
and Algebraic Linguistics, Jerusalem (Israel), Aug.
24-25, 1964.

Also published in Inform, and Control, v. 8: 430-450,
Aug. 1965,

One interesting application of sequential machines is to
congider them as encoders and decoders for an infor-
mation channel. Resuits concerning the structure of
error correcting automata were obtained. Another rea-
son for the study of these automata was that the regular
sets which they recogmzed are particularly simple.
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359

California U. [Electronics Research Lab. ] Berkeley.,

THE DISTRIBUTION OF MATRICES RESULTING FROM

NEWTON'S IDENTITIES IN A FIELD OF CHARACTER-
ISTIC TWO, by E. R. Berlekamp, [1985] 7p. incl.
table. (Bound with its Rept. no. 65-14, AD 468178)
(AF AFOSR-64-639) Unclassified

Methods have been previously studied for the decoding of
polynomials of the lowest degree, with a limited set ¢ of

error patterns. Because of the expansion of the cor-
rectable error patterns with more than e errors this
wark was undertaken. An inevitible transformation of
equations was introduced in order to obtain expansion
over the entire ensemble of pussible matrices.,

360
[California U. Electronics Research Lab., Berkeley ]

STABILITY ANALYSIS OF MONOTONE FEEDBACK
SHIFT REGISTERS, by C. J. Tanand A. Gill. [1965]
10p. incl. diagrs. (Bound with 1ts Rept. no. 65-14;
AD 468178) (AF AFOSR-64-630) Unclassified

This research investigated a special class of feedback
shifts registers, or FSR's called monotone. A general
test for the stability of monotore FSR's is derived by
use of the Boolean matrices. A proof of this theorem
representing stability is presented.

361
California U, Electronics Research Lab., Berkeley,

A GENERAL MATCHING THEORY AND APPLICATION
TO TUNNEL DIODE AMPLIFIERS, by Y. T, Chan and
E. S. Kuh. Aug, 17, 1965, 51p. incl. diagrs. refs.
(Rept. no. 65-23) (AFOSR-65-2284) (Sponsored jointly
by {Air Force Office of Scientific Research, Army Re-
search Office (Durham), ad Office of Naval Research)
under AF AFOSR-65-139, and National Science Founda-
tion) AD 474217 Unclassified

Youla's theory of broadband matching to include both
passive and active 1-port load impedances is general-
ized. The design philosophy of lossless coupling net-
works for an active load is different from that of a pas-
sive load; however, the design theory 1s quite similar.
The theory is illustrated in a detailed example with a
tunnel diode as the active load. Both series resistance
and inductance are used in the equivalent circuit repre-
sentation, New results in terms of theoretical limita-
tion on gain-bandwidth and a sufficient condition for po-
tential stability are obtained. {Contractor's abstract)

362
California U. ZElectronics Rescarch Lab., Berkeley.
REPRESENTATION OF NONLINEAR NETWORKS, by

E. S. Kuh. Sept. 30, 1965, 8p. incl. diagrs. refs.
(Rept. no. 65-25) (AFOSR-66-0082) (Sponsored

jointly by [Air Force Office of Scientific Research,
Army Research Office (Durham), and Office of Naval
Research] under AF AFOSR-65-139, and National
Science Foundation) AD 625987 Unclassified

Presented at Nat'l. Electronics Conf,, Chicago, Ill.,
Oct, 25-27, 1965.

Also published 1n Proc. Nat'l. Electronics Conf,, v. 21:
T02-707, Oct, T965. 5
The signal flow graph representation puts in evidence the
2 sets of equations whach characterize a general non-
linear time varying network, the set specifying the net-
work topology and the set describing the branch relav
tions. Conditions for reduction of simple nonlinear sig-
nal flow graph are 1illustrated. To obtain the governing
differential equation, one needs to reduce the signal

flow graph. Obvious sufficient conditions in terms of
the nonlinear branch relations and linear topology are
immediately obtained.

363

California U, Electronics Research Lab,, Berkeley.

H-GUIDE LOG-PERIODIC SLOT ANTENNA, by G. N.
Vornoff. Dec. 6, 1965, 126p. incl, illus. diagrs.
tables, refs. (Rept. no. 65-34) (AFOSR-66-0367)
{Sponsored jointly by [Air Force Office of Scientific Re-
search, Army Research Office (Durham), and Office of
Naval Research] under AF AFOSR-65-139) AD 627417
Unclassified

A theoretical and experimental investigation of an end-
fire (as contrasted to a conventional back-fire design)
flush-mounted log-periodic slot antenna 1s described.
The antenna consists of 2 periodic slot arrays cut 1n one
of the metal walls of a tapered H-guide. The antenna
receives excitation at the :arge end of the structure and
radiates toward the small end, yet retaining pattern in-
tegrity over large bandwidth This 1s made possible by
judiciously employing the surface wave properties of a
broadband TEg; mode propagated in a tapered H-guide.

It has been shown theoretically that the energy can be
transported from the large end of the structure to a de-
sired active region located near the small end, without
appreciably exciting the preceding portions of the an-
tenna. The results of the near field measurements, an-
tenna YSWR, and radiation patterns are presented. The
antenna radiates essentially constant patterns over a 31
bandwidth with half-power bes mwidths of approximately
20" 1n the E- and H-planes. The results of this study
indicate that the antenna can generale a narrow beam
and is putentially capable of transmitting high power.
(Contractor's abstract}

364

California U. Electronics Reseaich Lab , Berkeley

PLLASMA RESEARCH. Quarterly progress rept no 2,
Apr. 1-June 30, 1965, 63p. incl dagrs tables, 1efs
(AFOSR-66-0403) (Sponsored jomtly by At Furee
Avionics Laboratory, |Air Force Otfice of Scientifi
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Research, Army Research (Durham), and Office of Naval

Research) under AF AFOSR-65-139, Atomic Energy

Commission, and National Science Foundationj AD 625424
Unclassified

This research in plasmas is part of an integrated pro-
gran of research and teaching in the problems of crea-
tion, containment, heating, stability, radiation, and
measurement of the physical and electromagnetic proper-
ties of high- and low-temperature plasmas. The basic
high-temperature plasma research facility consists of a
250, 000-joule capacitor energy-storage system and re-
lated electronmc control and safety equipment. This bank
operates two basic experiments each of which requires
pulse magnetic magnet.c fields in excess of 50,000 gauss.

365

Cahforma U, Electronics Research Lab., Berkeley.

PROPAGATION AND INSTABILITIES IN BOUNDED AND
FINITE TEMPERATURE PLASMAS, by J. S, Jayson.
Sept. 22, 1965, 115p. incl. diagrs. tables, refs. (Rept.
no. 65-24) (AFOSR-66-0617) (Sponsored jointly by [Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research] under
AF AFOSR-65-139; Air Force Office of Scientific Re-
search under AF 33(615)1078; znd National Science Foun-
dation) AD 630128 Unclassified

The quasi-static analysis is used to examine propagation
and mnstabilities 1n plasmas in which both the transverse
bounds and the temperature are important. Initially only
longitudinal thermal velocity 15 assumed and two stream
mnstabilities are studied. With the introduction of trans-
verse temperature, 1nstabilities resulting from tem-
perature anisotropy are also studied. The full set of
Maxwell's equations 1s utilized for an investigation of the
effects of dispersion on the synchrotron radiation spec-
trum. The investigation of hot plasmas with {inite bound-
aries was undertaken imtially to explain the differences
between phenomena found in experimental observations
and those predicted by the cold plasma theory. Longi-
tudinal temperature 1s added to the model and it is found
that strong cyclotron wave damping and the absence of the
cyclotron-cyclotron interactior in a two stream configu-
ration are predicted by the theory., Introducing trans-
verse temperature into the model, using the Boltzmann
equation, 1nstabilities arising from temperature aniso-
tropy are wmvestigated and it 1s found that, for a bi-
Maxwelhan distribution, for low values of k, the plasma
1s stable. The investigation of fimite plasmas with
transverse temperature 1s vursued by consideration of a
configuration 1n which a bourvlary layer region is in-
cluded and the particle density decreases to zero through
thus region.
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Califorma U. Electronics Research Lab., Berkeley,

NOTES ON SYSTEM THEORY, VOLUME VIII. Nov. 1,
1965, 98p. incl. diagrs. tables, refs, (ERL Rept no.
65-639) (AFOSR-66-0768) (Sponsored jomntly by Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research under

-~ 83 ¢«

AF AFOSR-65-139; Air Force Office of Scienitfic Re-
search under AF AFOSR-65-639, and Nationa} Science
Foundation) AD 632067 Unclassified

This is the eighth issue of Notes on System Theory

The purpose of these notes is twolold: first, to provide
an awxaliary publication medium for short contributinns
by students and faculty engaged in research in systems
and related areas: second, to contribute to the develop-
ment of system theory as a basic scientific discipline.

367
Caifcrma U. Electronics Research Lab., Berkeley.

SEMIANNUAL PROGRESS REPORT NO. 2, by D. J.

Angelakos. Dec. 31, 1965 [353]p. incl. illus. diagrs.
tables, refs. (AFOSR-66-1379) [AF AFOSR-85-139]
AD 487278 Unclassified

Research projects conducted are grouped into the fol-
lowing areas: bioelectronics, electron streams and in-
teractions, plasmas, quantum and optical electronics,
radiation and propagation, scanning electron micros-
copy, semiconductor electronics, and systems and
computer sciences.

368
California U, Electromcs Research Lab., Berkeley.,

PLASMA RESEARCH, GQuarterly progress rept. no. 3,
by C. K. Birdsall, A. J. Lichtenberg, and A, W,
Trivelprece, July 1-Sept. 30, 1965, 37p. mncl. illus.,
diagrs. (AFOSR-66-2365) (Sponsored jointly by [Air
Force Office of Scientific Research, Army Research
Office (Durham), and Office of Naval Research]under
AF AFOSR-65-139, Atomic Energy Commision, Elec-
tronmics Technology Division, and National Science
Foundation) AD 641083 Unclassified

Progress is reported on experimental and theoretical
research in problems of creation, containment, heat-
1ng, stability, radiation, and measurement of the physi-
cal and electromagnetic properties of high and low tem-
perature plasmas. The hot-electron experiment oper-
atea without dafficulty during most of the report period.
Most of the effort was concerned with obtaining adequate
data to determine whe absolute intensity of the synchro-
tron radiation emitted by the hot-electron plasma. The
electron and loss energy analyzer was completed, and
the electron end-loss plasma camera used in conjunc-
tion with an 1mage converter was used to improve the
estimates of the size and location of the plasma. The
inconclusive results of the laser-scattering experiments
have led to a study of the scattering of laser photons by
a hot-electron plasma. A turbulent heating experiment
was performed in order to study ion heating by an elec-
tron current modulated at the jon-cyclotron frequency.
Calibration of the ion energy analyzer is proceeding. A
description of the turbulent heating experiment is pre-
sented. The experymental apparatus for plasma insta-
bility experiments is being prepared. An analysis of
flute modes 1n a mirror michine plasma with diffused
boundary was completed. Related research includes the
testing of a computer model for nonlinear investigation
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of plasma interchange instability, investigation of the
damping and instabilities of cyclotron waves in a ples-
ma, and the study of nonlinear interaction of an electron
with an electromagnetic wave, (Contractor's abstract)

369
California U. Electronics Research Lab., Berkeley.

A "GAIN" FORMULA FOR LINEAR-VECTOR FLOW
GRAPHS, by R. N. Biswas. [1965][15]p. incl. diagrs.
{Bound with its AFOSR-66-0768, AD 632067) (Sponsored
jointly by [AIr Force Office of Scientific Research, Army
Research Office (Durham), and Office of Naval Research]
under AF AFOSR-65-139) Unclassified

An alternative method is presented which bypasses the
elimination procedure and simplifies tne bookkeeping by
expressing the transfer matrix 1. terms of transfer
matrices of a subgraph.

370

California U. Electromcs Research Lab., Berkeley

LA GRANGE MULTIPLIERS AND SIGNAL DESIGN, by
L. P. Seidman. [1965){12]p. (Bound with its AFOSR-
66-0768; AD 632067) (Sponsorod jointly by [Air Force
Office of Scientific Research, Army Research Office
(Durham), and Office of Naval Research] under
AF AFOSR-65-139) Unclassified

It is demonstrated that it is often easy to show that a
given signal configuration is a critical point of proba-
bility of error. The method used is a simplhification of

La Grange multiplhiers.

3n
California U. Electronics Research Lab,, Berkeley.

ENCODING A GEOMETRIC SOURCE, by E. R.
Berlekamp. [1965) {7]p. (Bound with its AFOSR-66-
0768; AD 632067) (AF AFOSR-65-

Unclassified

A mathematical calculation for finding an infinite num-
ber of source outputs is presented.

372
Caldornia U. Electronics Research Lab., Berkeley.

PATTERN CLASSIFICATION IN "QUBIC, by I. L.

Traiger. [1965][17]p. incl. diagrs. tables. (Bound

with 1ts AFOSR-66-0768, AD 632067) (AF AFOSR-65-
- Unclassified

Polya's theorem was used to calculate the number of
equivalence classes for any state of game of "Qubic"
(three-dimensional tic-tac-toe),

3173

California U. Electronics Research Lab., Berkeley.

SOME COMMENTS ON B1 CODES, by E R,

Berlekamp, [i965]{7]p. wncl. tables (Bound with its

AFOSR-66-0768; AD 632067) (AF AFOSR-65-639)
Unclassified

A Bl code may be able to correct b 2P-1 pursts. Any
B1 code is also a B2 code and for short constraint
lengths, the former is more advantageous than the lat-
ter. This advantage dies out when either code is inter-
laced with itself sufficiently often to correct very long
bursts. Mathematical calculation for the optimum Bi
code of rate 18 described.

74
Califorma U. Inst. of Engineering Research, Berkeley.

EXPERIMENTAL STUDY OF WAVE PHENOMENA AS-
SOCIATED WITH THE ONSET OF GASEOQOUS DETONA-
TION, by P. A. Urtiew. Feb. 1965 [114]p. incl. illus,
diagrs. tables, refs. (Rept. no. AS-65-1) (AFOSR-
65-1277) (AF AFOSR-€4-129) AD 621214
Unclassified

A study is made of wave processes that occur at the in-
stant of transition from the deflagrative to the detona-
tive mode of propagation of the combustion wave in an
explosive gas mixture. Experimental cbservations are
made by means of Schlieren photography with pressure
transducer measurements using stoichiometric hydro-
gen-oxygen mixtures. Theoretical interpretation of ex-
perimenial results reveals that the transition is pro-
moted by the action of a spherical detonation wave gen-
erated by a point explosion ahead of the main combus-
tion zone. The theory of self-similar motion is apphed
to analyze the flow field induced by the initial transverse
wave. On the basis of experimental observations a spe-
cific model 18 proposed for the geometric pattern of

the oscillating wave system in the burned medium. The
frequency of vibrations obtained from the analysis of
this model is shown to be in satisfactory agreement
with the eigenvalue of the linear wave equation.

3175
California U. [Inst. of Engineering Research} Berkeley,

PRESSURE WAVE GENERATION IN A FISSIONING
GAS. II. EFFECTS OF DISSOCIATION AND MULTI-
PHASE COMPOSITION, by H. P. Smith, Jr., R. D,
Evans and others. [1965] [4]p. incl. diagrs. table.
(AFOSR-66-0064) (AF AFOSR-64-129) AD 632323
Unclassified

Also published in Phys. Fluids, v, 8 1421-1425, Aug.
1965,

The analysis of pressure pulses which ate generated in
a fissioning gas by neutron irradiation is extended to the
case of a disscciating medium including a condensed
phase. After a satisfactory check of the process in-
duced in boron trifluoride that was treated previously,
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the analysis is applied to borazine for which the former
method would be quite inadequate since now the effects
of dissociation, involving the formation of free liquid
boron, become predominant in controlling the thermo-
dynamic behavior of the substance, (Contractor's
abstract)

376

Califorma U. Inst. of Engineering Research, Berkeley.

DYNAMICS OF THE GENERATION OF PRESSURE
WAVES BY ACCELERATING FLAMES, by P. A. Urtiew,
A. J. Laderman, and A, K. Oppenheim. [1965] (6]p.
incl. illus. diagrs. (AFOSR-66-0349) (AF AFOSR-64-
129) AD 631159 Unclassified

Also published in Tenth Sympesium (Internat'l, ) on Com-
bustion, Cambridge (Gt. Brit.) (Aug. 17-21, 1964),
Pittsburgh, Combustion Inst., 1965, p. 797-804, 1965.

The theory of imtial flame acceleration in an explosive
gas contained 1t 2 constant cross-section tube, devel-
oped previously for a hemispherically shaped flame,
was extended to include flames of spheroidal shapes.
An expresstion for the flame world-line was developed,
which depends only on a single parameter that accounts
for the effects of the thermodynamic properties of the
mixture and the geometry of the flamefront. Its value
18 determined graphically on the basis of experimental
data. This leads to an unambiguous technique for the
evaluation of the relative flame-propagation speed and
for the calculation of the pressure wave generated by
the flame, (Contractor's abstract)

378
California U, Inst., of Engineering Research, Berkeley.

AN EXPERIMENTAL STUDY OF THE ROTATIONAL
DISTRIBUTION FUNCTION OF NITROGEN IN A SHOCK
WAVE, by F. Robben and L. Taloot. May 1985, Iv.
{Rept. no. AS-65-6) (Sponsored jointly by Air Force
Office of Scientific Research under AF AFOSR-65-538
and Air Force Office of Scientific Research and Office
of Naval Research under Nonr-22245) AD 466306
Unclassified

The electron beam fluorescence technigue has been used

to measure the rotational energy distribution through
shock waves n nitrogen. At Mach 1.7, the deviation

from thermodynamic equilibrium was found to be small,

and the rotational temperature profile followed the den-
sity profile. Comparison with theoretical calculations

yielded the rotational relaxation collision number 2, = 5,
in reasonable agreement with other determimtions. At

high Mach numbers, the measured rotational d isiribu-
tion function within the shock wave could not be repre-
sented by a single temperature, but was found to be

representable approximately oy the merging of 2 rota-
tional distribution functions corresponding to tempera-

tures upstream and downstream of the shock wave. The
profile of the average local 'temperature' defined by the

ratio of the total measured rotational energy to the gas

density, was found to precede the density profile through
the shock wave by an amount which increased with Mach

number.,
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California U. Inst. of Engineering Research, Berkeley.
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MEASUREMENT OF SHOCK WAVF THICKNESS BY THE

ELECTRON BEAM FLUORESCENCE METHOD, by F.

* Califorma U. Inst. of Engineering Research, Berkeley.
Robben and L. Talbot. May 1965, 33p. (Rept. no. AS-

STUDY OF THE DEVELOPMENT AND STABILIZATION
QOF DETONATIONS, by A. K. Oppenheim. Final rept.
Oct. 1964-Oct. 1965, Tp. ncl. refs. (AFOSR-66-0777)
(AF AFOSR-65-129) AD 632575 Unclassified

The most significant progress made during last year's
research work is associated with the successful develop-
ment of novel experimental techniques which yielded a
more penetrating insight into the detonation phenomena
than that possible by any other means, This includes:
(1) stroboscopic laser schlieren system permitting the
attainment of extremely sharp (less than 10-8 sec) light
pulses with an ultra-high (up to loe/sec) repetition rate
for hgh speed schlieren photography; (2) ultra-high fre-
quency response bar-type pressure transducers, per-
mitting the measurement of a pressure pulse at a point
of not more than 1 mm in diameter with a submicrosec-
ond rise time; (3) soot-film technique for recording
traces of detonation waves which, in our investigations,
are particularly useful in pinpointing the location of
their onset, and in the study of their structure. The
most 1nteresting progress made in analytical investiga-
tions is concerned with the study of the generation of
pressure waves in fissioning gases.

65-4) (Sponsored jointly by Air Force Office of Scien-
tific R. _«arch under AF AFOSR-65-538 and Air Force
Office of Scientific Research and Office of Naval Re-

search under Nonr-22245) AD 466304  Unclassified

Shock wave thicknesses and density ratios have been

measured 1n helum, argon and nitrogen by means of the
electron beam fluorescence method, over the range 1.5

<M < 17.4, in a low density wind tunnel. The shock
thickness in argon and helium agreed well with Mott-
Sniith theory at the higher Mach numbers, and were
between Navier-Stokes and Mott-Smith theory at the

lowest Mach number. In nitrogen, the measured shock
thicknesses were considerably greater than the predic-
tions of Navier-Stokes theory. Measured density ratios

weross the shock wave were in good agreement with
theory, in the lower density flows. Poorer agreement

was found at higher {low densities, leading to estimates

of upper bounds for the range of linear variation of

fluorescence intensity with gas density. Measured den-

sity ratios for shocks produced in divergent free-jet

flows were found to be in better agreement with theory

after a viscous curvature correction was applied.
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California U. Inst. of Emgineering Research, Berkeley.

SOME MEASUREMENTS OF ROTATIONAL TEMPERA-
TURES IN A LOW DENSITY WIND TUNNEL USING
ELECTRCN BEAM FLUORESCENCE, by F. Robben and
L. Tabot, May 1965, iv. (Rept. no. AS-65-5} (Spon-
sored jointly by Air Force Office of Scientific Research
under AF AFOSR-65-538 and Air Force Office of Scien-
tific Research and QOffice of Naval Research under Nonr-
22245} AD 468305 Unclassificd

The fluorescence of a 30 kv electron beam has been used

Published in Phys. Fluids, v. 8: 1908-1910, Oct. 1965,

The heat transier between cuwaxial cylinders for large
Knudsen number 15 obtained using the method of Knudsen
iteration. The BGK model equation, together with an
extension which allows the Prandt]l number to be set
arbitrarily is used. Resuits are compared with those
obiained by moment methods. It 1s found that the ori-
terion proposed by Hurlbut for validity of the free mo-
lecular resuits is reasomable. Resulis are also pre-
sented for the rofating cylinder problem i1n a high
Knudsen number f{low.

as a probe to measure the rotationa® distribution func- 332
tion of flowing nitrogen in a low deasity wind tumei. The

fluorescence consists predomimantly of the so-called Calforma U. {Inst. of Engineering Research! Be-keley.

first negative system of nitrogen. Measurements of the
intensities of the rotational structure of the (0-a) vibra-
tional band have been used to calculate, through a theo-
retical model, the original rotational distribution func-

tion of Ny before excitation. A series of measurements

was pe-formed in the undisturbed flows { a subsonic
nozzle, a Mach 4 nozzle, and free jet expa. sions from
sonic orifices at Mach numbers ranging up to 19, The
rotational temperature measurements are shown to be
about 3% high at 280" K, with a progressively increasing
error at lower temperatures, These measurements
also indicated no measurable lag in rotatiomal tempera-
ture in the free jet expansion.

381

California U. [Inst. of Engineering Research] Berkeley.,

EFFECT OF BASE BLEEDING ON THE NEAR WAKE
FOR VERY LOW REYNOLDS NUMBERS, by S. A.
Berger and H, Viviand. {1965) [3]p. incl. diagrs.
(Sponsored jointly by Air Force Office of Scientific Re-
search and Office of Naval Research under Nonr-22245)
Unclassified

Published in AIAA Jour., v. 3: 2154-2156, Nov. 1965.

Results are presented of the effect of base bleeding on
the near-wake structure calculated accerding to a for-
mulation involving the solution of mcompressible Stokes
approximate equations. The study is concerned with the
problem of determining the structure of the incompres-
gible base and near-wake flow for values of 0 large
enough for this flow tc be entirely viscous, the case
oeing of interest for slender bodies at sufficiently low
Reynolds numbers. A numerical example, 1s presented
and discussed.
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California U. [Inst. of Engineering Research] Berkeley.,

HEAT TRANSFER AND SHEAR BETWEEN COAXIAL
CYLINDERS FOR LARCE KNUDSEN NUMBERS, by

D. R. Willis. [1965]{3]p. (Sponsored jointly by [Air
Force Office of Scientitic Research]and Office of Naval
Research under Nonr-22245) Unclassified

HYDRODYNAMICAL THEORY OF DIF FUSIVE SEPARA-

TION OF MIXTURES IN A FREE JET, by F. &,

Sherman. {[1965] (7. incl. diagr. tables, res.

{€ nsored jountly by {Air Force Office of Scientific Re-

sez  hland Office of Naval Resezarch under INonr-22245)
Unclassified

Published 1 Phys. Fluids, v, 8: 773-779, May 1965.

The static molar concentration and fractional molar flow
rates of the components of a binary mixture are com-
puted to order {Re)-! on the centerline of an arally sym-
metric free jet, under conditions of nearly inviscid flow.
These computed results confirm the conclusions of Reiss
and Fenn regarding the mechanmism underlying measured
separation effects 1r rets at relatively high Reynolds
number. Some quai ative comments about probe-in-
duced separation a1 given.
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Califormia U. [Inst of Engineering Research] Berkeley,

INCOMPRESSI! LE LAMINAR AXISYMMETRIC NEAR
WAKE BEHIND A VERY SLENDER CYLINDER IN AX-
IAL FLOW, by H. Viviandard S. A. Berger. [I965]
[7lp. ncl. diagrs. table, refs. (Sponsored jointly by
Air Yorce Office of Scientific Research and Office of
Naval Research under Nonr-22245) Unclassified

Published 1n AIAA Jour., v, 3: 1806-1812, Oct. 1965,

A solution to the near wake problem behind a very slen-
der cylinder in axisymmetric incompressible laminar
flow 1s obtawed 1n the form of an asymptotic expansion,,
by the technique of inner and outer expansions. The in-
fluence of the recirculating flow 18 neglected. Althcugh
the solution thus found applies only up to a very himted
distance downstream of the base, it exhibits important
differences with the corresponding 2-dimensional prob-
lem of the wake behind a flat plate; these differences are
characteristic of the axisymmetry of the flow.

385

California U. Inst, of Engineering Research, Berkeley.

RECENT EXPERIMENTAL AND THEORETICAL EX-
TENSIONS OF NEARLY FREE MOLECULAR FLOW, by
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G. J. Mashach, D. k. Willss and others. June 22, 1964
N1lp. incl. illus. dagrs. tables, refs. (Rept. no. AS-
64-11) (Sponsored jointly by Air Force Office of Scien-
afic Rescarch and Office of Naval Research under Nonr-
22245, and National Science Foundation)

Unclassified

Also published in Rarefied Gas Dymmics; Proc. of the
Fourth Intermat’). Symposiuin, Toroato U. (Camada),
(July 14-17, 1964), ed. by J. H, de Leeuw. New York,
Academic Press, v. 1: 433-443, 1965.

A new comparisor 15 made between experimentai results
for cylinder and flat strip models in near free molecule
flow and corresponding theoretical results. It :s found
that a new relation between the Kraudsen number and the
natural rarefaction parameter occurring in the theoreti-
cal calculation leads 20 much better agreement b etween
experiment and theory thar. ¥as observed in similar
comparisons presented at the n evious symposm.
(Contractor's abstract)

386
Caiiforma U. Inst. of International Studies, Berkeley.

TRENDS IN SOCIAL SCIENCE RESEARCH IN LATIN
AMERICAN STUDIES: A CONFERENCE REPORT, Palo
Alto, California, Oct. 9-11, 1964. March 1965, 104p.
incl. tables, refs. (AFOSR-65-0713) (AF AFOSR-65-
758} AD 614999 Unclassified

The conference was held in an attempt {0 answer some
of the questions on the state of the social science disci-
plines 1in Latin America and how research, theory, and
strategy should be constructed to meet the accrued prob-
lems 1n this field and area. Appropriateness of theory,
research traimng, and criteria for analysis formed the
agenda of the conference.

387
California U. [Minerals Rescarch Lab. ] Berkeley.

THE DILATION CONTRIBUTION TO THE HEAT CA-
PACITY OF COPPER AND 0-BRASS AT ELEVATED
TEMPERATURES, by Y., A. Chang and R, Hultgren.
[1965] [4])p. incl. diagrs. tables, refs. (Sponsored
Jointly by Air Force Office of Scientific Research under
{AF 49(638)83} and Atomic Epergy Comnussion)
Unclassified

Published 1n Jour. Phys. Chem., v. 69 4162-4165,
Dec 1965.,

For pure copper and an a-brass contaiming 9. 7 atom v
Zn, the conpressibihties were measured from 77 to
800 K, anau the heat contents of the brass, from 298 to

800 K. From these and other data found 1n the literature,

the dilation term Cp--Cv of the heat capacity was calcu-

lated. The Nernst-Lindemann approximate formula was
found to express accurately the dependence of the dila-
tion term on temperature for these two substances,
However, data found 1n the hiterature for 8 other sub-

87 «

stances indicate the Nerast- Lindemann approximation
more usuaily gives too rapud an increase of the dila-
uon term with temperature.
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Calfornie L. Sexsmographic Station, Berkelay.

A STUDY OF THE AFTERSBOCKS AND FOCAL MECHA-
NISM OF THE SALINAS-WATSONVILLE EARTHQUAKES
OF AUGUST 31 AND SEPTEMBER 14, 1963, by A.
Udias. {1963][22]p. incl. diagrs. tables, refs.
(AFOSR-65-2253) (AF 49(638)904) AD 614335
Unclassified

Also Eglished in Bull. Seismol. Soc. Amer,, v, 55:
-105,  Feb. 1965.

The earthquake sequences connected with the earth-
quakes of Aug. 31 and Sept. 14, 1963 in the Salinas-
Watsonville region of California are studied with refer-
ence to the background seismic activity. A very favora-
ble distribution of permanent and mobile stations in this
arva permits the a2 alysis to include earthquakes of
small magnitudes. The mechanism of the larger after-
shoc ks of both sequences 15 found to be similar to the
mechanism of the main shock of Sept. 14, 1963. The
orientation of the principal axes of stress derived from
the focal mechanism of the Sept. 14 earthquake, is re-
lated to the strike of the San Andreas fault. (Contrac-
tor's abstract)
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Calforma U. Seismographic Station, Berkeley,

CRUSTAL STRUCTURE IN CENTRAL CALIFORNIA IN
RELATION TO THE SIERRA NEVADA, by T, Mikumo.
[1965] [19]p. incl. diagrs. tables, refs. (AFOSR-65-
2906) (AF 49(638)904) AD 614352 Unclassified

Also published 1n Bull. Seismol. Soc. Amer., v. 55: 65-
83, Feb. 1965.

Crustal structure 1n central California (between the
latitudes of 36 and 41°N) ncluding the Sierra Nevada
was studied by travel times of P, waves from Nevada

explosions and earthquakes, dispersion of surface waves,
and correlation between computed and observed gravity
anomalies. Simple 2-dimensional models are presented
for the structure, parameters of which are deternmined by
least-squares from Py observations. Theoretical gravi-

ty distributions expected from the crustal models are
computed by a 2-dimensional technique and compared
with Bouguer anomalies., In the preferred model, the
overall crustal depths to the Moho-discontinuity beneath
the Pacific coast region, the Centra! Valley and the
Sterra Nevada are found to bz about 22, 26 and 43 km,
respectively, indicating a steep crustal thickering under
the mgh mountain region. The dispersion of group ve-
locities of Rayleigh and Love waves passing across the
region was investigated from Nevada and Utah earth-
quakes, Love waves from the Utah earthquake give evi-
dence in support of the derived structure  (Contra
tor’s abstract)
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California U. Seismographic Station, Berkeley.

ESTIMATION OF CRUSTAL STRUCTURE WITHIN THE
UNIVERSITY OF CALIFORNIA SEISMIC ARRAY, by

B. A. Bolt and T. V. McEwilly., [1965](7}p. incl. diagr.

tables, (Bound with its Final rept.: AD 458052)
[AF 49(6 Unclassified

Within the boundaries ot the Califorma U, array are
several quarries which occasionally fire charges large
enough to be well recorded at all stations. The accumu-
lation of travel-time data from such sources provides a
novel means of closely estimating tne crustal struciure
within the area, through systematic refinements of a
least squares procedure. Nine independent parameters
describing surface and crustal velocities (with gradient),
P, velocity, and a curved, dipping Moho are variable 1n

any combination in determining the best (in the least-
squares sense) structure for the area.

391
California U. Seismographic Station, Rerkeley.

GRADIENTS OF TRAVEL-TEAE CURVES FROM DEEP-
FOCUS EARTHCUAKES, by B. A. Bolt. [1965] [16]p.
incl. diagrs. refs. (Sponsored jointly by Air Force
Office of Scientific Research under AF 49(638)904 and
National Science Foundation) AD 618781

Unciassified

Presented at Symposium on Theory and Computers,
Leningrad and Moscow (USSR), May 15-21, 1964,

Also published in Rev. Geophys., v. 3: 83-98, Feb.
1965. —

Inferences that can be drawn about the structure of the
upper mantle from observations of surface-reflected
longitudinal body phases are discussed. In particular,
3ome aspects of previous observational, statistical, and
theoretical work on the phase pP are reviewed. Recent-
ly, mathematical work has thrcwn more light on the
properties of the cusps of the surface-reflected longi-~
tudiral phases. Seismological experiments are dis-
cussed that are designed to determine the actual be-
havior of tne wave puss«<:. near the cusps. w~ome pre-
liminary attention has been given to this problem using
a seismic array with linear dimension about 10 times
greater than the observed wavelength. Computer anal-
ysis of the pulses observed at the array elements leads
to estimates of the gradients of the travel-time curves
Weighting must be arranged to take into account the
measured lateral refraction and crustal delays at each
element. Analysis of the deep-focus earthquake of

Apr. 2, 1963, is presented as an example.
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Calitornia U. Seismographic Siation, Berkeley.

MAGNETIC-TAPE DATA-ACQUISITION SYSTEM, by

> 86

P. W. Rodgers, W. C. Marion and others. [1965] [26]p
incl. diagrs. (Bound with its Final rept., AD 458052)
[AF 49(638)904] Unclassified

The Berkeley ma etic-tape data-acquisition system
was put 1nto ope: 10n on June 17, 1964 and has been
recording the output of a 2-component seitsmometer sys-
tem satisfactorily since that time. The system consists
of the seismometers, amplifiers, and 2 tape trans-
ports, one for recording and one for playback. Seis-
mic signals are generated by 3 Lehner and Griffith
Press-Ewing long-period setsmometers with 30 sec
iree period. Their outputs are filtered, amplified with
transistorized amplifiers and applied to the tape sys-
tem input. The magnetic tape system is designed to
provide for simultanews recording of 14 channels of
data with a bandwidth of 0 to 10 cps. In its present
preliminary form: the primary use of the tape-recorded
data 1s the detailed examination of recorded earthquakes
from seismograms.,
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Califorma U, Seismographic Station, Berkeley

THE NOVEMBER 1964 EARTHOQUAKE SECUENCE
NEAR CORRALITOS, CALIFORNIA, by T. V. McEwilly.
[1965] [147p. 1ncl. diagrs. (Bound with its Final rept. ,
AD 458052) [AF 49(638)904]  Unclassified

Data accumulated from the 1964 earthquake sequence at
Corralitos indicated 3 major phenomena (1) an ex-
tremely localized region of energy release—in this

case a volume on the order of a 1 or 2 km radius sphere
at a depth of 5 to 10 kr; (2) a mechamsm continually
supplying energy to the local regior. in such a undform
way that the first motion radiation pattern 1s constant,
(3) a process of interaction or adjustment whereby a
large shock in the sequence but outside the smal!

source volume (in this case probably on the major fault
1n the area) can occur with apparently different force
orientation and perturb the mechanism of the concurrent
small shocks in the localized source toward this differ-
ent orientation.

394
Cahforma U, Seismographic Station, Berkeley

STATION USAGE, by C. Lommtz. [1965](5]p. incl.
table. (Bound with its Final rept., AD 458052)
[AF 49(638)904] Unclassified

With the introduction of the \elemeter network, new
trends have been initiated 1n seismographic stauv
usage. The more important of these include (1) prompt
epicenter determination within and outside of the array,
(2) sumplified procedures for locating teleseisms, and
(3) simplified station data processing and storage,, for
optimum scientific use.

395
Calfornta U. Seismographic Station, Berkeley,

A STUDY OF FOCAL MECHANISM AND AFTERSHOCK
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- CHARACTERISTICS OF SMALL EARTHQUAKES, by standing wave. Effects of pressure oscillations alone
h P. Byerly and B. A, Bolt, Final rept. July 1, 1960- seldom produce wave amplification. The velocity os-
R Dec. 31, 1964, Feb. 15, 1965, 68p. incl. diagrs. cillations lead to the greatest acoustical energy emis-
H tables, refs. (AF 49(638'904) AD 458052 sion and absorption, and the presence of a fiame 1n the
- Unclassified boundary layer greatly enhances the influence of veloci-
ty oscillations, Results to first and second orders in
The research accomplishments of this project are sum- the parameter wx/U are presented. The opposite limit-
marized. Intensive study has been made of small earth- ing case, 1n which wx/U is large compared with unity,
quakes 1n Central Californ:a tu investigate (1) the rela- 15 also considered, (Contractor's abstract)
tionship of the magnitude and focal depth of the main
shock to the number of aftershocks, (2) the pattern of
{irst motions of P and § waves of low magnitude earth- 398
quakes, (3) amplitude ratios of P and S and surface
waves in small earthquakes, and (4) the relationships of Califorma U. Dept. of Chemistry, La Jolla.
aftershocks to focal depth, magnitude and geographic lo-
cation of the main shock. RESONANCE STABILIZATION OF A-FERROCENYL

CARBONIUM IONS, by J. C. Ware and T. G. Traylor.,
[1965] [8]p. incl. diagrs. table, refs. (AFOSR-85-
396 1669) (AF AFOSR-64-514) AD 624364 Unclassified
Also pgbilshed in Tetruhedron Lirs., no. 18, 1295-
02, 1965,

Califorma U. Dept, of Mathematics, Davis.

SOME INEQUALITIES FOR THE FUNDAMENTAL FRE-

QUENCY OF A NONHOMOGEN ZOUS MEMBRANE, by Results of resonance stabilization experiments on the
D. O. Banks. [1965][4]p. (AFOSR-66-0022) ferrocenyl group indicated that the ferrocenyl group is
(AF AFOSR-64-82) AD 641707 Unclassified best considered as a somewhat complexed cyclopenta-
dienide anion and its ability to supply electrons by
Also published 1n Jour. Soc. Indus. and Appl. Math. , resonance is severely decreased by this complexing.
v. 13:635-638, Sept. 1965, Nevertheless, the remaining resonance effect on solvo-
lysis rates is approx. 6 kcal/mol larger than that of a
This paper gives a method of finding explicit lower phenyl group.
ounds for the lowest eigenvalue of a nonhomogeneous
membrane with a fixed boundary. The method for ob-
taining these bounds 1s an adaptation of the method due 399
to Payne and Weinberger for finding explicit lower
bounds for the lowest ¢igenvalue of a homogeneous Califorma U. Dept. of Mathematics, La Jolla.
membrane in terms of the fundamental eigenvalues of
homogenewus strings., WEIGHT FACTORS FOR THE TWO-DIMENSIONAL
- ISING MODEL, by G. Baxter, [1965][7]p. incl. diagrs.
(AFOSR-65-2636) (AF AFOSR-65-722) AD 629844
397 Unclassified
California U, Dept of Aerospace and Engineering Also published in Jour Math, Phys., v. 6: 1015-1021,
Sciences, La Jolla. July 1965, -
RESPONSE OF A BURNING FUEL PLATE TO SOUND A group of local weights 15 constructed for the square,
VIBRATIONS, by F. A. Williams. [1965] [13]p. incl. honeycomb, and triangular lattices which counts for any
diagrs. table, refs. (AF AFOSR-65-927) closed path in the lattice 1.2 7 times the change 1n the
Unclassified argument of the tangent vector (mod 2) and the number
of enclosed units of area (mod 2). These weights are
Presented at AIAA Second Aerospace Sciences Meeting, used .0 evaluate the partition ‘unction of the 2-dimen-
New York, Jan. 25-27, 1965. s10n2 | Ising model with nearest-neighbor interaction
and with a particular, imaginary external magnetic
Pubhshed 1n AIAA Jour. , v 3: 2112-2124, Nev 1965, field For the square lattice, the method gives a re-

sult announced by Lee and Yang  (Contractor's abstract)

Combustion instability 1s considered from the viewpoint
of the time dependent response of a flat-plate boundary

laver with mass transfer to standing or traveling acwstic 400
vibrations 1n the gas. The acoustic admittance 18 de-
fined 1n terms of the response of the boundary layer at Califvrnta 1} Dept of Physics, La Jolla
+ ' aud 15 employed to obtain necessary conditions for
wave amphfication, Results for the gasification rate at SELF-CONSISTENT TREATMENT OF KUNDO'S EF-
the wall, the wall shear stress, and the acoustic admat- FECT IN DILUTE ALLOYS, by Y. Nagaoka. [1965]
tance are obtained as expansions in the parameter 19]p el dwmgrs (AFOSR-65-2534) (AF AFOSR-64-
«x U w oscllation frequency, x  distance from the 610) AD 628434 Unclagsified
upstream edge ol the plate, and U velocity of gas rela-
tive to the plate, It 1s shown that the zero-order (quasi= Also published in Phys. Rev., v. 138 A1112-A1120,
steady) response rarely leads to amplification of a May 17, 1965 ~
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i Investigation is made of how conduction electrons in

, dilute alloys are affected by the exchange interaction

] with localized spins of impurities. It is shown that, if
. i the interaction is antiferromagnetic, the perturbatjonal

‘ ' treatment breaks down below a critical teniperature,

and ihat near the Fermi surface there appears a quasi-
boi.nd state between the conduction-electron spin and
the localized spin. Because of the appearance of this
quasibound state, the resistivity increases with decreas-
ing temperature, but has a finite value at T = 0. There
is no logarithmic term in the resistivity at low tem-
peratures, in contrast to Kondo's theory of the re-
i sistance mimmum. There also appaars an anomaly in
the specific heat at low temperatures.

401
California U. Dept. of Physics, La Jolla.

: DISPERSION THEORY OF THE KONDO EFFECT, by H.
Suhl. [1985]{9)p. incl. diagr. refs. (AFOSR-65-2540)
. (AF AFOSR-64-610) AD 627627 Unclassified

Also published in Phys. Rev., v. 138: A515-A523,
Apr. 1965,

! : According to recent work by Kondo, the scattering-
cross section of an electron in exchange interaction with
a paramagnetic impurity immersed in a Fermi sea of
electrons has a logarithmic infinity as the electron ener-
gy approaches the Fermi energy. This problem was
examined by means of the Chew- Low method first de-
vised for meson-nucleon scattering. R is lound that the
singularity is replaced by a resonant scattering close to
the Fermi level. (Contractor's abstract)

402
California U. Dept. of Physics, La Jolla.

INERTIAL MASS OF A MOVING FLUXOID, by H. Suhl.
[1965] (4]p. (AFOSR-65-2541) (AF AFOSR-64-610)
AD 627765 Unclassified

Also iﬁ_bllshed in Phys. Rev. Ltrs., v, 14 226-229,
Feb. 13, .

Expressions were derived on the basis of Landau-
Ginburg theory, for the ineutial and electromagnetic
masses of a moving fluxoid; the relaxation time of a
fluxoid is estimated to be less than 10-12 sec, making
the observation of coilective modesg of a fluxoid system
very difficult,

403

California U. Dept. of Physics, La Jolla.
ENERGY GAP IN A CUBICAL MODEL FOR NUCLEI, by
C. J. Thompson., [1965][4]p. incl. diagrs. (AFOSR-

65-2542) (AF AFOSR-64-610) AD 628436
Unclassified

Also published in Phys. Lirs., v. 14: 146-149, Jan.
15, 18%5.

> 90 <

The energy gap is caiculated for a stmple finite model
for wzlei. The result contains osciliations with nu-
clear size which agree with the gross behavior of the
proton pairing energy. The calculated energy gap does
not however vary much from isotope to isotope in con-
trast to experiment.

404
Califorma U. Dept. of Physics, La Jolla,

ALGEBRAIC DERIVATION OF THE PARTITION FUNC-
TION OF A TWO-DIMENSIONAL ISING MODEL, by
C. J. Thompson. [1965][4]p. incl. refs. (AFOSR-
66-0274) (AF AFOSR-64-610) AD 629176

Unclassified

Also published 1n Jour. Math. Phys., v. 6: 1392-1395,
Sept. 1965.

In the algebraic formulation of the Ising model, the par-
tition function is expressed as the trace of a power

VM of the transfer operator V, or equivalently, as the
sum of Mth powers of the eigenvalues of V. In the
derivation of Kaufman, Onsager, and more recently of
Schultz, Mattis, and Lieb (SML), the transfer operator
is first reduced to a more amenable form for computa-
tion and then, in principle at least, diagonalized. For
the infinite lattice, only the largest eigenvalue of V is
needed, and this is all Onsager and SML compute, Kaui-
man finds all the eigenvalues and 1s thus able to write
down the partition function for the finite lattice. In the
present work we give an alternative derivation of the
SML form for V, and show how the Kaufman result can
be obtained from this form withoht actual diagonaliza-
tion. Instead of diagonalizing V, the evaluation of the
trace 13 done directly after assigning a simple represen-
tation to V. (Contractor's abstract)

405
Cahfurnia U  Dept. of Physics, La Jolla.

PAKAMAGNETIC IMPURITIES IN METALS AT FINITE
TEMPERATURES, by H. Suhl. [1965]{21]p. (AFOSR-
86-0275) (AF AFOSR-64-610) AD 629174

Unclassified

Also published in Physics, v, 2: 39-59, 1965.

Dispersion theory 18 combined with che Green's func-
tion technique to discuss the scattering of electrons by
paramagnetic impurities in normal metals at finite
temperatures The thermodynamic Green's function

18 derived {rom an approximate solution of an equation
for a modified (non-unitary) scattering matrix. Asa
check on the consistency of theory, 1t is generalized to
arbitrary impurity spin S, and shown that in the limt

S - =, it reduces to ordinary potential scattering of
electrons with spin parallel or antiparallel to a local-
ized fixed Zeemann fleld. Some observations are made
on the problem of the residual resistance. The effect
of additional non-magnetic scattering is briefly con-
sidered. A justification is given for the neglect of mul-
tiparticle intermediate states in the dispersion equa-
tions. (Contractor's abstract)
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, Calfornma U. Dept. of Physics, La Jolla.

ON THE DETECTION OF SECOND SOUND IN CRYSTALS

BY LIGHT SCATTERING, by A. Griffin, [1965] [3]p.

(AFOSR-66-0276) (Sponsored jointly by Air Force Office

of Screntific Research under AF AFOSR-64-610 and
1 Atomiic Energy Commission) AD 629175
H Unclassified

Also published in Phys. Litrs., v. 17; 208-210, July
15,1985,

This research suggests that Rayleigh scattering of light
may hold great promise as a probe for collective tem-
perature waves in pure anharmonic crystals, although
1t 1s useless in He II. A formal dispersion relation for
second sound (in normal systems) involving a frequency
dependent thermal conductivity coefficient 1s also re-
ported.

407
California U, Dept. of Physics, La Jolla.

INECUALITY WITH APPLICATIONS IN STATISTICAL

MECHANICS, by C. J. Thompson. [1965] [2]p.

(AFOSR-66-1487) (AF AFOSR-64-610) AD 641779
Unclassified

Also published in Jour. Math. Phys., v. 6: 1812-1813,
Nov., 1965,

1t 15 proven for Hernutian matrices (or more generally
for completely continuous self-adjoint linear operators
in Hilbert space) A and B that Tr(eA*B) Tr(efeB).
The nequality 18 shown to be sharper than the convexity

property (0 a . 1)Tr(e®A+(1-0)B)) [Tr(eA)p

[Tr(eB)]1-", and its possible use for obtzimng upper
bounds for the partition function is dis~ussed briefly.

F
{408
i
}

iCahforma U, Dept. of Physics, La Jolla.,

HEISENBERG MODEL WITH LONG RANGE INTERAC-

TION, by C. J. Thompson. [1865][5]p. incl. refs.

(AFOSR-66-1520) (AF AFOSR-64-610) AD 641773
Unclassified

L N

Also published in Jour. Phys. and Chem. Solids, v.

26: 1977-1981, Dec. 1965,

The functional integral method as used by Siegert in his

study of the Ising model with long range interaction, is

¢ generalized and applied to the Heisenberg model. Above

the Bragg-Williams Curie point, the functional integral

expression for the partition function is evaluated by a

¢ saddle point approximation. This gives an expansion in
powers of the reciprocal range of the interaction which
is essentially identical with the Ising model result, in

agreement with Brout who used a ring summation ap-

ca e e+ vy g
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proximation. The expansion is not valid throuy. e
Curie point. and in its present form, this methc: seems
to be incapable of giving spin waves.

408
California U. Dept. of Physics, La Jolla.

ENTROPY TRANSPORT BETWEEN TWO SUPERCON-
DUCTORS BY ELECTRON TUNNELING, by K. Maki

and A. Griffin. [1965] [3]p. incl. refs. (AFOSR-66-
1550) (AF AFOSR-64-610) AD 641781 Unclassified

Also %\_%blished in Phys. Rev. Ltrs,, v. 15: 921-923,
Dec., .

Some prelimimary calculations of this tunneling heat
current are reported. The surface thermal resistance
depends very much on whether the metals are in the
superconducting or normal phases. In addition there is
an oscillatory heat flux due to fluctuations in the quasi-
particle tunneling between 2 superconductors. The
change in chemical potential due to the temperature
difference 6T can give rise to the ac and dc Josephson
supercurrents, However, calculations show that no
entropy is carried by these currents, which is in agree-
ment with one's physical expectations.

410
California U. Dept. of Physics, La Jolla.

GROUND STATE OF CORRELATED ELECTRONS IN A
NARROW ALMOST HALF-FILLED s BAND, by Y.
Nagaoka. {1965][4]p, (AFOSR-66-1551) (AF AFOSR-
64-610) AD 641777 Unclassified

Also %blished in Solid State Commun. , v. 3: 409-412,
t. .

Counsideration was given to a system of conduction elec-
trons in an almost half-filled 8 band with an infinitely
strong 8-function type repulsive potential, and with
nonvanishing transfer matrix elements only between
nearest neighbors. It was found that the totally polar-
ized ferromagnetic state is the pround state for sc and
bee and for fec and hep with Ny, > N, N, and N being re-
spectively the number of electrons and atoms, and that

is not the ground state for fcc and hep with Ne <N.
(Contractor's abstract)

411

California U. Dept. of Physics, La Jolla.

EFFECT OF THE SUHL-ABRIKOSOV RESONANCE ON
THE TRANSITION TEMPERATURE OF SUPERCON-
DUCTORS, by A, Griffin. [1965] 4p. incl. diagrs.
refs. (AFOSR-66-1552) (AF AFOBR-64-610)

AD 641775 Unclassified

Also Eblished in Phys. Rev. Ltrs., v. 15: 703-708,
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A study of how the transition temperature T of a super-

conducting paramagnetic alloy is affected by the previ-
ously mentioned anomalous scattering (which is some-
times referred to as the "Kondo effect") was discussed.

412
Caltfornia U. [Dept. of Physics] La Jolla.

SUPERCONDUCTIVITY IN ONE AND TWO-DIMEN-
SIONS, by T. M. Rice, [1965] {3]p. incl. refs.
(AFOBR-66-1554) (Sponsored jointly by Air Force
Office of Scientific Research under AF AFOSR-64-610
and Office of Naval Research) AD 639480
Unclassified

Also published in Phys, Rev,, v. 140: A1889-A1891,
ec. 13, .

The effect of thermodynamic fluctuations on off-diagonal
long-range order (ODLRO) is discussed. The 2-parti-
cle Yang correlation function is calculated using the
Ginzburg-Landau theory allowing such fluctuations.

The behavior of the correlation function at large separa-
tion is examined and it is found to be consistent with
Yang's criterion for ODLRO only in 3 dimensions. In

1 and 2 dimensions Yang's criterion is not satisfied.
(Contractor's abstract)

413
California U. [Dept. of Physics] La Jolla.

TOWARDS A QUANTUM MANY-BODY THEORY OF
LATTICE DYNAMICS. 1. TIME-DEPENDENT
HARTREE APPROXIMATION, by D. R. Fredkin and
N. R, Werthamer. (1985] {11]p. incl. refs. (AFOSR-
66-2233) (Sponsored jointly by Air Force Office of Sci-
entific Research under AF AFOSR-64-610 and National
Research Council) AD 644907 Unclassified

Also Ea_blished in Phys. Rev., v. 138: A1527-A1536,
y Ji, .

The phonon is discussed as an example of a collective
mode which restores a symmetry property (in this case,
translational invariance) to a system whose Hamiltonian
is invariant under the symmetry operation, but in whose
ground state the symmetry is broken. The crystal lat-
tice is first studied within the time-independent Hartree
approximation. It is then shown that allowing small
time-dependent changes in the Hartree field generates
an equatiou for the normal modes of vibration. The
three k = 0 modes with w = 0 are shown to represent
uniform translations of the solid, as expected, The

k # 0 modes are analyzed to extract those three which
may be identified as one-phonon modes, and the con-
tribution of these modes to the free energy is computed.
The recent theory of Brout is found to be equivalent to
the Hartree approximation with the further assumption
that the atoms are infinitely heavy. No restrictions are
made here on the interatomic potential other than that a
hard core is absent. The reduction of the present theory
to “7ell-known results in the case of harmonic forces is

>92 <

demonstrated. An extension to include hard cores,
analogous to the Bruechner theory, is discussed.
{Contractor's abstract)

414
[California U. Dept. of Physics, La Jolla]

CALCULATIONS OF SOUND VELOCITIES IN CRYS-

TALLINE HELIUM AT ZERO TEMPERATURE, by

L. H. Nosanow and N. R, Werthamer. [1965]4p. incl.

diagrs, tables, refs. [AF AFOSR-64-610]
Unclassified

Published in Phys. Rev, Ltrs., v 15; 618-621, Oct.
11,1965,

By making use of the time-dependent Hartree approxi-
mation, along with the results of variational calcula-
tions of the ground-state, energy calculations were ob-
tained of the sound velocities for various densities of
crystalline helium at zero temperature. An estimation
of the Debye 6 as a function of density is also reported.

415
California U. Dept. of Physics, La Jolla.

SOME FURTHER REMARKS ON ENTROPY TRANSPORT

BETWEEN TWO SUPERCONDUCTORS BY ELECTRON
TUNNELING, by A. Griffin and K. Maki. [1965](6}p.
(AF AFOSR-64-610) Unclassified

This note is in the nature of an addendum to a recent

paper by K. Maki and A. Griffin (item no. 408, v. 9).
Its purpose is to clarify certain points in the original
paper as well as to give more explicit results for the
surface thermal resistance R.

416
California U. [Dept. of Physics] La Jolla,,

SUPERCONDUCTIVITY OF o-TITANIUM SOLID SOLU-
TIONS WITH VANADIUM, NIOBIUM, AND TANTALUM,
by Ch. J. Raub and U, Zwicker. [1965] {2]p. incl.
table, refs. (AFOSR-65-0790) (Sponsored jointly by
Air Force Office of Scientific Research under

[AF AFOSR-64-631] and National Science Foundation)
AD 616054 Unclassified

Also F&blished in Phys. Rev., v. 137: A142-A143,
Jan. .

The superconductivity of a-Ti{-V, a-Ti-Nb, and o-Ti-
Ta alloys was investigated. Beta-filament contamina-
tion was avoided. A nearly linear increase in T, was
found. There was no difference in the effect of V, Nb,
or Ta.

JERNSRPIS

et v, oves

B I T R T e

- -

%s,gg;w:-..w A




st T TR BT SR AR Y o

s maepvtm e iy e e ooRch ey S8 e

e

R s

i

1

{

california U. [Dept. of Physics] La Jolla.

SUPERCONDUCTIVITY OF NbsGe, by B. T. Matthias,

T. Geballe and others. [1965][6]p. incl. refs.
(AFOSR-65-2125) (AF AFOSR-64-631) AD 629089
Unclassified

Also gﬂublished in Phys. Rev., v. 139: A1501-A1503,
Aug. 30, .

Evidence is presented to show that the maximum transi-
tion temperature of compounds with the £-w type struc-
ture (Ay5) occurs at the stoichiometric composition A3B,
when B ig a nontransition element. ‘ihe niobium-ger-
ma.ium Aj15-type compound, which normally forms with
excess Nb, has a transition temperature of 6, 9°K, It
has been found that NbyGe compounds prepared by rapid-
queach techniques, in the presence of excess germanjum,
have transition temperatures as high as 17 K. This
large increase in transition temperature is attributed to

a closer approach to the stoichiometric 3:1 composition.
(Contractor's abstract)

<=

ihfornia U, [Dept. of Physics] La Jolla

SEARCH FOR SUPERCONDUCTIVITY IN o-CERIUM, by

T. F. Smith, [1965](3]p. incl. diagr. table, refs.

(AFOSR-65-21511 (AF AFOSR-64-631) AD 629090
Unclassified

Also published in Phys Rev., v. 137" A1435-A1437,
Mar. 1. 1985,

The o modification of cerium, formed from the normal,
room-temperature modification under a pressure of

10, 000 atm, has been cooled to 1. 25 K and tested for
superconductivity. The nature of the state of the 4f
electron in a-cerjum is discussed in relation to the ab-
gence of superconductivity. (Contractor's abstract)

9

ihfornia U. [Dept. of Physics] La Jolla.

SUPERCONDUCTIVITY OF THE ALKALI TUNGSTEN
BRONZES, by A. R. Sweedler, Ch. J. Raub, and B, T.
Matthias. (1965] [2]p. incl. table. (AFOSR-65-2533)
|AF AFOSR-64-631] AD 629828 Unclassified

Also published in Phys. Ltrs., v. 15: 108-109, Mar.
15, 19%5‘.

The investigation shows that the superconductivity of the
Na-W bronze is not an 1solated phenomenon but rather

18 2 general property of the alkali tungsten bronzes.
Superconductivity was found for al! samples having either
the tetragonal I or hexagonal symmetry. The lattice
parameters of the superconducting phases are given.

However, the perovskite phase and the tetragonal I1
3

>93 <
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phase of the sodium tungsten bronze was found not to
become superconducting above 11 millidegrees and 40
millidegrees respectively.

420
California U. Dept. of Physics, La Jolla.

ELECTRONICS STRUCTURE OF INDIUM-CADMIUM
ALLOYS, by M. F. Merriam. [1965)[2)p. incl. diagr.
refs. (AFOSR-65-2536) [AF AFOSR-64-631]

AD 627764 Unclassified

Also published in Phys. Lirs., v. 17: 18-17, June 15,

Recent measurements are reported of superconducting
transition temperature and lattice parameter, in In-Cd
alloys, which strongly support some aspects of
Svechkarev's proposal. The measurements show an
electronic structure effect which was inferred by
Svechkarev,

421
California U. [Dept. of Physics] La Jolla.

EFFECT OF PRESSURE ON THE SUPERCONDUCTING
TRANSITION TEMPERATURE OF LANTHANUM, by
W. E. Gardner and T. F. Smith. [1965] (3]p. incl,
diagr. refs. (AFOSR-65-2573) [AF AFOSR-64-631]
AD 629826 Unclassified

Presented at meeting of the Amer. Phys. Soc.,
Washington, D. C., Apr. 26-29, 1965,

Abstract published in Bull. Amer. Phys. Soc., Series
v, 10 ;15, Apr. 26, 1965,
Also F&bushed  in Phys. Rev., v. 138: A484-A486, Apr.

The variation of the superconducting transition tem-
perature of hep lanthanum has been measured as a func-
tion of pressure up to 10 kbar. An approximately linear
increase of T, with applied pressure was observed

(*T¢/5P ~ 14 x 10-5°K bar-1), The relation of this be-

havior to 2 recently proposed theories for the super-
conductivity of lanthanum is discussed. (Co.tractor's
abstract)

422

California U, Dept. of Physics, La Jolla.

SUPERCONDUCTIVITY IN THE TIN-GALLIUMSYSTEM,
by G. Knapp and M. F. Merriam. [1965][3]p. incl,
diagr. table, refs. (AFOSR-66-0053) [AF AFOSR-64-
631] AD 620824 Unclassified

Also published in Phys. Rev., v. 140: A528-A530,
Oct. E%, 1985.

Superconducting transition temperatures were measured
for a number of Sn-Ga compositions in both the
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‘quenched’ (quick cast) and annealed states. The in-
creases 1n T, 1n the 'quenched’ sampies are not large

(usually about 0. 1-0. 2°K), and can be accounted for on
the basis of internal stresses in the sample, The equi-
librium transition ten:peratures are consistent with the
known phase diagram of Predel. Within the Sn solid
solution T, first drops (mean-free-path effect), then
rises to 3.9°K. Compositions in the neighborhood of
the eutectic show depressed and broadened transitions;
these are attributed to proximity effects, (Contractor's
abstract)

423
California U. Dept. of Physics, La Jolla.

THE RESISTANCE MINIMUM IN DILUTE Ti-Mn AL-
LOYS, by W. E. Gardner and Ch. J. Raub. [1965] [5}p.
incl. diagr. table, refs. (AFOSR-66-0054) (Sponsored
jointly by Air Force Office of Scientific Research under
[AF AFOSR-64-631] and National Science Foundation)
AD 629823 Unclassified

Also published in Proc. Phys. Soc. (London), v. 86:
Hre%i—ms". ; "

From resistance measurements on dilute alloys of
manganese in titanjum it has been concluded that the re-
sistance minimum observed in these alloys is associated
both with localized moments on manganese atoms in the
o nhase and also with a proposed transformation of any

8 filaments which are present. (Contractor's abstract)

424
California U. [Dept. of Physics] La Jolla,

SUPERCONDUCTIVITY OF BARIUM TUNGSTEN
BRONZE, by A. R, Sweedler, T. K. Hulm and others.
[1965) [1lp. (AFOSR-66-1289) [AF AFOSR-64-631]
AD 6417898 Unclassified

Algo published in Phys. Lirs., v, 19: 82, Oct. 1, 1965.

Barium tungsten bronze (Baxwoa) was prepared and
found superconducting at a temperature of 1.9°K. This
is the first bronze with an alkaline earth metal substi-
tute to be found superconducting. The crystal structure
18 isomorphous to the tetragonal I structure of the
sodium tungsten ° -onze, which is also superconducting.
The perovskite phase of the sodium tungsten bronze

(Na woa) with x = .3, .4, .8, was also measured to

«3°K, and no superconductivity was found.

425
[California U. Dept. of Physics, La Jolla)

THE OCCURRENCE OF SUPERCONDUCTIVITY IN
SULFIDES, SELENIDES, TELLURIDES OF PT-GROUP
METALS, by Ch. J. Raub, V. B. Compton and others.
[1965] (7]p. incl. diagrs. tables, refs. (AFOSR-66-
1295) (In cooperation with Bell Telephone Labs,, Inc.,

>94 ¢

Murray Hill, N. J.) (Sponsored jointly by Air Force

Oifice ot Scientitic Research under {AF AFOSR-64-631|

and National Science Foundation) AD 641793
Unclassified

Also published in Jour. Phys. and Chem. Solids, v. 26:
2051-2057, Dec. 1965.

Superconductivity has been discovered in Pd compounds
with Se and Te, in IrTeg and in PtTe. The supercon-
ducting transition temperature of a Pd-Se alloy contain-
ing 85 to 87 at-% Pd is 0. 66 K which 15 unusually high
for its valence-electron concentration. A homogeneity
range exists for the hexagonal B8;-type conipound PdTe

and for the trigonal C6-type compound PdTez. The re-

sults of the low temperature heat capacity measurements
of PdTe and PdTe; g4 show that the large change in the

transition temperature with composition is accompanied
by a large change in the linear heat capacity coefficient
y. (Contractor's abstract)

426
Calfornia U. {Dept. of Physics| La Jolla.

ELECTRON DENSITY AND ELECTRONIC PROPER-
TIES IN NOBLE-METAL TRANSITION ELEMENTS, by
M. A. Jensen, B. T. Matthias, and K. Andres. [1965]
[2]p. incl. diagrs. (AFQOSR-66-1297) {AF AFOSR-
64-631) AD 641796 Unclassified

Also published in Science, v. 150: 1448-1450, Dec. 1965.

It is shown empirically that the superconducting trans-
tion temperature as well as the magnetic susceptibility
and the electronic specific heat of noble-metal transi-
tion elements and alloys can be described reasonably
well as universal functions of the valence eleciron den-
sity, that is, the number of valence electrons per cubic
centimeter. (Contractor's abstract)

421
California U. [Dept. of Physics| La Jolla.,

PRESSURE DEPENDENCE OF THE SUPERCONDUCT-~
ING TRANSITION TEMPERATURE OF URANIUM, by
T. F, Smith and W.; E. Gardner. [1965][4]p. incl.
diagrs. tables, refs. (AFOSR-66-1317) [AF AFOSR-
64-631) AD 641803 Unclassified

Also published 1n Phys. Rev., v. 140: A1620-A1623,
Nov. ;1535.

The superconducting transition temperature Tc of
uranium has been observed to increase from 1.0 to
2. 3°K on the application of a pressure of 10 kbar.
From this result the possibility that ’I‘c will increase

with isotopic mass has been suggested. (Contractor's
abstract)
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428

* Califormia U. Dept. of Physics, La Jolla.

[SUPERCONDUCTIVITY AND PARTICLES SIZE IN
HETEROGENEOUS COPPER LEAD ALLOY] Super-
aleitung und Teilchengrosse in heterogenen Xupfer-
Blei-Lewgierungen, by Ch. J. Raub and E. Raub. [1965]
{9]p. incl, illus, diagrs. tables, refs. (AFOSR-67-
0159) [AF AFOSR-64-631] Unclassified

Also published in Zeitschr, Phys., v. 186 310-318,
1365.

It was shown that small lead particles of a size of 1 um
and smaller distributed 1n a copper matrix ¢an cause
this heterogeneous alloy to exhibit complete supercon-
ductivity. According to the size of the lead particles
and their distribution the transition temperatures vary
between 0.3 and 7°K. (Contractor's abstract)

129
Saliforma U. [Dept. of Physics, La Jolla].

SUPERCONDUCTING TRANSITION TEMPERATURES IN

INDIUM SOLID SOLUTIONS (Abstract), by M, F.

Merriam. [1985][1]p. [AF AFOSR-64-631]
Unclassified

Presented at meeting of the Amer. Phys. Soc.,
Kansas City, Mo., Mar. 24-27, 1965,

Published in Bull. Amer, Phys. Soc., Series I, v, 10;
346, Mar. 24, 1965.

Transition temperatures have been measured in the
solid solutions of indium with Hg, Cd, Ti, Sn, Pb, and
B: to higher solute concentrations than previously, The
Seraphim cmprical rule, AT, = kyx + koxlnx, is not
adequate to describe the results. Except for kinks at-
tributed to Brillouin-zone effects, T, i8 a lnear func-

tion of composition in the more concentrated alloys.
The slopes of the T  vs composition lines for the alloy
systems not reportéd previously (in K/at%) are. In-Cd,
0-2 Cd 0. 067; In-Cd, 2-5% Cd 0. 016; In-T} 0. 0044;
in-Bi 0.29. The In-Cd data show a kink at 2% Cd, indi-
cating an apparent Brillouin-zone effect. The results
are discussed in terms of Ginsberg's hypothesis. The
Jump in Tc at the tetragonal-cubic transformation that

occurs 1n most of these alloy systems is also discussed.

130
iCalifornia U. [Dept. of Physics] Lz Jolla.

SUPERCONDUCTIVITY AND HIGH PRESSURES, by
B. T. Matthias, [1965][6]p. incl. refs. (In coopera-
tion with Bell Telephone Labs., Murray Hill, N, J.)
[AF AFOSR-64-631] Unclassified

Published in Physics of Solids at High Pressures, Proc.
First Internat'l. Conf., Tucson, Arizona (Apr 20-23,

-85 &

1965}, ed. by C. T. Tomizuka and R. M. Emrick.
New York, Academic Press, 1965, p. 225-230.
(AFOER-86-0131) .
The occurrence of superconductivit: under pressure in
otherwise normal metals, and the effect of pressure on
the transition temperature, are both considered. Pres-
sure induces superconductivity in Bi, Sb and Te; it
seems likely that Ge, 8i, As, Be and possibly Ce may
show similar behavior. The effects are due either to
changes in lattice symmetry or eleciron configuration,
and their importance to the theory of superconductivity
18 pointed out.

431
California U. [Dept. of Physics, La Bblla],

SUPERCONDUCTIVITY IN THE TRANSITION METALS
(Abstract), by M. A. Jensen. [1965]{1}.
(AF AFOSR-64-631] Unclassified

Presented at meeting of the Amer. Phys. Soc.,
New York, Jan, 27-30, 1985,

Pyblished in Bull, Amer, Puys. Soc., Series II, v. 10:
4, Jan. 27, 1985.

The variastion of supsrconductivity in the transition
metals 18 known to be approximately symmetric about
n = % (n 18 the number of valence electrons) with peaks
near n = 5, 7. On Jooking at the beginning and end of
the trangition-metal series cory=sponding ton = 3, 10
one finds that superconductivity deereases rapidly at
both ends. The thecry of supercenductivity of Morel
and Anderson and the recent ideas of Clogston about
the enhancement of the density of states due mainly to
electron-lattice interactions are combined to calculate
the expected variation of N(O)V X [Tc =1.15e,

exp(=1/N(G)V}] in the transition metals. By including
estimateg of the band structure in the calculations,
reasonable qualitative agreement between the experi-
mental and thecretical curves for N(O)V from n =4 to

n = 10 was obtained. There remains a large disagree-
ment bDetween the experiment and theory at the beginning
of the transition metals (Se, ¥, Lu), which probably can
not be explained by the presence of rare-earth impuri-
ties.

432

Caiifornia U. Inst. of Geophysics and Planetary Physics,
La Jolla.

COHERENCE MEASUREMENTS WITH TIME SAMPLING
GCEAN-BOTTOM SEISMOMETERS, by H. Bradner, J.
Dodds and R, Foulks, [1965]{3]p. incl. illus. diagrs.
{4 F 42(038;1388) AD 629466 Unclassified

Also published in Proc. IEEE, v, 53: 1906-1908, Dec.
1

Instrunents for obtaiming simultaneous records of ocean-

bottom seismic motion are described, Preliminary
ocean-bottom seismic data with two simultaneous three-
component insiruments indicates that jnstrument noise
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and water currents may cause small differences in the
detailed spectra. The general features of the spectra,
however, appear to be the same from proximate instru-
ments. (Cootractor's abstract)

433

California U. Inst. of Geophysics and Planetary Physics,
La Jolla,

EARTH NOISE, 5 TO 500 MILLICYCLES PER SECOND
1. SPECTRAL STATIONARITY, NORMALITY, AND
NONLINEARITY, by R. A. Haubrich. [1965][13]p.
incl, diagrs. tables, refs, (AFOSR-65-2898)

(AF AFOSR-62-420) AD 618623 Unclassified

Also %ushed in Jour. Geophys. Research, v. 70:
- , Mar, 1965,

Earth noise below 0, 5 c¢ps does not differ significantly
from stationary normally distributed random noise for
record lengths of the order of hours. Earthquake waves,
as well as locally generated ground motion such as that
due to wind, produce records which differ significantly
from the above. The cross-frequency coherence is a
sensitive test for nonstationary effects such as earth-
quakes, and the more generalized 2-dimensional spec-
trum appears to be the appropriate one for looking at
transient events. For stationary processes, the bispec-
trum is a convenient method for testing nonlinear inter-
actions, but microseisms measured 8o far have produced
no cases of significant bispectrums. (Contractor's
abstract)

434

California U. Inst. of Geophysics and Planetary Physics,
La Jolla.

EARTH NOISE, 5 TO 500 MILLICYCLES PER SECOND
2. REACTION OF THE EARTH TO OCEANS AND AT-
MOSPHERE, by R. A. Haubrich and G. S. MacKenzie,
{1965] {13]p. incl. diagrs. tables, refs. (AFOSR-65-
2898) (AF AFOSR-63-420) AD 628829 Unclassified

Also published in Jour. Geophys. Research, v. T0: 1429-
1490, lﬁir. 1985,

8ources of earth noise have been identified and located for
different parts of the frequency band from 5 to 500 mc/s.
In the typical microseism bands around 75 and 150 mc/’s,
sources are associated with storm waves arriving at both
distant and local sea coasts, During the winter months
the primary-frequency microseisms measured at La
Jolla come mostly from the coast north of Cape Mendo-
cino and are due to major storms in the North Pacific.
Double-frequency microseism sources are generally
within a few hundred kilometers of La Jolla, but more
distant sources have also been observed. In addition,
both ocean and atmosphere produce local loading which
becomes significant at frequencies below the storm
microseism band. (Contractor's abstract)

435

California U. Inst., of Geophysics und Planetary Physics,
La Jolla.

INVESTIGATION OF MICROSEISM SOURCES WITH
OCEAN-BOTTOM SEISMOMETERS, by H. Bradner,
J. G. Dodds, and R. E. Foulks, [1965]{16]p. incl.
diagrs. tables, refs. (AFOBR-66-0427) (AF AFO6R-
62-420) Unclassified

Presented at Thirty-fourth annual Internat'l. SEG meet-
ing, Los Angeles, Calif., Nov. 18, 1964,

Also published in Geophysics, v. 30; 511-526, Aug. 1965,

Recordings to depths of 5 km have been made on the
Pacific Ocean bottom with self-rising internally record-
ing seismometers, Simultaneous recordings have been
made at land stations. The ocean-bottom noise spec-
trum is between 1 and 5-orders of magnitude higher
power than the land spectrum in the region from 0.1 to
9.0 cps. Coherence between 2 simultaneous instru-
ments separated one-quarter km is above the 95% con-
fidence level from 0.1 cps to 0.6 cps. Attempts to as-
sociate narrow-beam Love and Rayleigh peaks with
large storm-generating areas or with heavy swell strik-
ing shore have not produced consistent results. Al-
though some records show the bulk of the microseism
peak energy in well-defined modes, the energy is car-
ried in different modes at different times and locations.
Some of our data fit a mode' w microseism generation
in a 100-mile strip, by a statistical superposition of
incident waves and waves reflected from shore; and the
subsequent conversion of the energy to Rayleigh and
Love modes propagating away from the generation zone.
However, the shapes of the mid-ocean spectra strongly
imply additional sources far from shorelines of recog-
nized storms, unless microseisms attenuate far less

in the ocean than on land. (Contractor's abstract)

436

California U. Inst. of Geophysics and Planetary Physics,
La Jolla.

TIDES OF THE PLANET EARTH, by W. H. Munk.
[1965] [4)p. [AF AFOSR-62-420] Unclassified

Published in Science in the Sixties; Tenth Anniversary
ATOSR Scientific Seminar, Cloudcroft, N. M. (June

14-15, 1965), ed. by D. L. Arm. Albuquerque, Mexico

U. Office of Publiscations, 1965, 134-137.
The nonharmonic method initiated by Lubbock for pre-

diction of ocean tides and the classical harmonic method

of Kelvin ani George Darwin are reviewed. Modern

computers have made possible spectroscopy of tides and

the predictios of tides by a response method. Post

observations are used to obtain the response curves of a

port, and predictions are then obtained by playing the
theoretical tide input through the appropriate response
filter (done numerically, using computers)., There is
no time-harmonic expansion, as the complexity of the
tide-potential is already built into the input functions.
The response method takes full account of Newton-
Kepler mechanics, while the harmonic method uses
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